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THE  MISSION  OF  ACARD 


The  mission  of  ACARD  is  to  bring  together  the  lead'ng  personalities  of  the  NATO  ’.nations  in  the  fields  of 
science  and  technology  relating  to  aerospace  for  the  following  purposes: 

Exchanging  of  scientific  and  technical  information: 

Continuously  stimulating  advances  in  the  aerospace  sciences  relevant  to  strengthening  the  common  defence 
posture; 

- Improving  the  co-operation  among  member  nations  in  aerospace  research  and  development; 

Providing  scientific  and  technical  advice  and  assistance  to  the  North  Atlantic  Military  Committee  in  the 
field  of  aerospace  research  and  development; 

Rendering  scientific  and  technical  assistance,  as  requested,  to  other  NATO  bodies  and  to  member  nations 
in  connection  with  research  and  development  problems  iti  the  aerospace  field: 

Providing  assistance  to  member  nations  for  the  purpose  of  increasing  their  scientific  and  technical  potential; 

Recommending  effective  ways  for  the  member  nations  to  use  their  research  and  development  capabilities 
for  the  common  benefit  of  the  NATO  community. 

The  highest  authority  within  ACARD  is  the  National  Delegates  Board  consisting  of  oli'icially  appointed  senior 
representatives  from  each  member  nation.  The-  mission  of  AtiARD  is  carried  out  through  Che  Panels  which  are 
composed  of  experts  appointed  by  the  National  Delegates,  the  Consultant  and  Exchange  Program  and  the  Aerospace 
Applications  Studies  Program.  The  results  of  AtiARD  work  are  reported  to  the  member  nations  and  the  NATO 
Authorities  through  the  ACARD  series  of  publications  of  which  this  is  one. 

Participation  in  ACARD  activities  is  by  invitation  only  and  is  normally  limited  to  citizens  of  the  NATO  nations. 
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PREFACE 


This  Lec-ure  Series  No. 78,  on  the  subject  of  Radiation  Haunts,  it  sponsored  by  the 
Acrospacr  Medical  Panel  of  AGARD,  and  is  implemented  by  the  Consultant  and  Exchange 
Programme. 

During  the  last  25  years  there  has  been  a remarkable  development  and  increase  in  the 
number  of  processes  and  devices  that  utilise  or  emit  non-ionizing  radiation  which  includes 
ultra-violet,  visible  light,  infrared,  microwave,  radiofrequency,  ultrasound.  Such  devices 
are  used  in  all  sectors  of  our  society  for  military  and  industrial,  tele'  ■'  munications, 
medical  and  ransomer  applications.  Although  there  is  information  o*  oiogical  effect: 
and  potential  hazards  to  man  from  exposure  to  these  energies,  considerable  confusion  and 
misinformation  has  permeated  not  only  the  public  press  but  also  some  scientific  and  tech- 
nical publications.  Much  of  the  confusion  stems  from  misunderstanding  of  the  fundamentals 
of  energy-tissue  interaction,  threshold  phenomena,  personnel  exposure  and  product  emission 
standards,  such  os  those  promulgated  in  the  United  States  and  adopted  by  the  Western 
Countries  and  Japan  in  contrast  to  the  personnel  exposure  criteria  of  Eastern  European 
Countries.  This  series  of  Lectures  by  exj  rts  in  the  field  provides  a scientifically  accurate, 
authoritative  review  and  critical  analysis  of  the  available  information  and  concepts  to  give 
a basis  for  informed  judgements  and  judicious  application  of  these  energies  for  maximal 
benefit  and  minimum  risk  or  hazard  to  man. 
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Biologic  Rathophy* lologlc  Iffuti  of  Exponure  to  Microwave 
or  Ultrasonic  Energy  • An  Overview 

»» 

Sol  M.  Migheelson 
University  of  tochtkter 
School  of  Medicine  and  Dentistry 
Department  of  Radiation  Biology  and  Biophysics 
Aochattor,  Ma«  York  IA6R2  U.S. A. 

During  the  lett  JO  years,  tsara  hei  baan  a remarkable  development  and  increase  In  tna  number  of 
pracattat  and  device*  that  utilita  or  emit  nor-loni*lng  radiant  energies  »uth  at  micruweve*,  a *orm  of 
electromagnetic  wave  energy  and  ultrasound  representative  of  machanlcal  vibration.  Thata  energies  are  used 
In  all  tactort  of  our  tociaty  for  military,  induttrlal,  tetecoiemjnicet  ions,  mad  i cal,  and  consumer  applied* 
tiona.  Mora  racantty,  the  use  of  ultrasound  in  biology  and  iwdicina  hat  bean  cor  t i derabl  y expanded.  Thata 
Incraatat  in  source*  of  non-ioniiing  radiant  energy  nave  ratultad  in  gruwiny  interest  on  the  part  of  govern* 
mart  regulatory  agenciet,  induttrlal  and  military  phytitiant,  rataarch  workers,  cliniciant,  and  even  environ* 
mental  if.*.  A'though  there  it  information  on  biologic  affaett  and  potential  hatardt  to  men  from  exposure 
to  microwave*  or  ultratound,  contidarable  cunfution  and  mi t i nformat Ion  hat  permeated  not  only  the  public 
pratt  but  alto  tome  scientific  and  technical  cub  I Scat lont . 

Interact  in  the  biologic  affaett  of  nigh  frequency  current*  goes  back  to  tna  work  of  O'Artonvai  i 
1 853  (U  who  reported  phytiologic  affaett  from  a device  capable  of  delivering  a frequency  of  several  hundred 
thootind  otcillationt  par  tacord.  Tnit  wat  followed  by  tha  introduction  of  "ultrathortwava"  tharapy  in 
tha  early  part  of  tha  twentieth  century  (7).  before  World  War  II,  tha  development  and  therapeutic  appli- 
cations of  radiof requency  energy  ware  further  ttimulatad  by  tha  work  of  Sqhl iaphaka  (3).  Rejewsky,  Schaefer, 
Schwa",  and  associates  which  i i deter. bad  in  the  publica’ions  by  Rsjewsky  (A),  liebesn;  (S ) . Aattold  (6), 
and  ftalov  (7).  To  obtain  an  appreciatim  of  tha  fundamental  work  that  wat  going  on  durinq  this  pariod, 
raviaw  of  thata  publications  it  atpacially  useful. 

During  the  latter  part  of  World  War  II,  the  U.S.  military  service*  became  interested  in  the  possible 
hatardt  to  pertonntl  working  around  microwave  sources, and  the  Office  of  Naval  Rataarch  of  the  U.S.  Navy 
began  to  sponsor  rataarch  on  tha  biologic  affects  of  microwaves  in  1 3*» 8 . In  1956,  the  U.S.  Department  of 
Defense  assigned  the  reipons  1 bi  1 1 ty  for  tri-service  coordination  of  studias  ralatad  to  tha  biologic  affects 
end  potential  hatardt  of  microwava  exposure  to  the  U.S.  Air  force.  These  studies  contributed  greatly  to 
a batter  understanding  of  the  biologic  effects  of  microwaves.  Findings  of  the  tri-service  program  have  been 
reviewid  (8). 

In  1968,  the  U.S.  Bureau  of  Radiological  Health  sponsored  a symposium  on  the  Biological  Effects  and 
Health  Implications  of  Microwave  Radiation  in  Richmond,  Virginia.  This  Symposium  was  held  to  provide  an 
indication  of  tha  state  of  knowledge  in  the  *rea  of  microwava  health  effects  at  that  time.  Subsequently , 
several  stpnposie  have  bean  held  both  in  the  U.S.  and  tha  USSR  on  tha  genera)  topic  of  the  biological  effect 
cf  mi crowaves . 

In  October,  l?73.  the  first  truly  internet lone  I Symposium  on  Biologic  Effects  and  Health  Haeards  of 
Microwava  Radiation  was  held  in  Warsaw,  r'oland  under  the  sponsorship  of  tha  World  Health  Organ  i tat  ion,  U.S . 
Department  of  Healt',  Education  and  Welftre,  and  the  Scientific  Council  to  tha  Minister  of  Health  and 
Social  Welfare,  Relish  Peoples'  Republic. 

Ultrasound  has  not  baan  studied  as  a naturally  occurring  phenomenon  except  for  low-frequency,  low-  ntensity 
emanations  of  animal  oriqin  (9),  The  noise  spectra  of  jet  propulsion  devices  contain  a broad  range  of 
ultrasonic  frequencies  which  were  initially  believed  to  be  the  basis  for  the  headaches,  nausea,  undue  fatigue, 
di**iness,  and  other  complain’*  reported  by  personnel  wno  worked  in  the  jet  sound  field.  Subsequent  research, 
however,  indicated  no  support  for  this  belief.  It  was  suggested  that  the  ill  effects  were  more  probably  due 
to  the  tremendous  intensities  of  sound,  over  HtO  db,  created  in  the  audible  range  of  frequencies  by  the  jet 
engine  (10).  Interest  in  the  possible  harmful  effects  of  ultrasound  on  man  became  nighlighted  when  ultra- 
sonic devices  cam*  into  mo  - » genqra!  use. 

To  provide  a perspective  on  the  uses  of  microwaves  in  ihe  civilian  sector  in  the  U.S.,  Villforth  (ll) 
nas  noted:  about  A2S.000  microwavo  ov.’ns  were  in  use,  mostly  civilian,  in  '{'jJJ.  An  estimated  15,000  short- 
wave and  15,000  microwave  diathermy  devices  were  in  use,  mostly  civilian,  ,n  1972.  Approximately  120,000 
microwava  communications  towers,  each  with  riveral  separate  sources,  were  in  use  at  the  end  of  1972,  approxi- 
mately 75t  civilian.  About  2 million  people  are  treated  annually  with  radiof requency  (mi crowave) d iatherny . 

An  additional  60,000  people  may  be  occupat ionel l>  exposed  in  pract i t iunar's  office*  and  clinics.  A signi- 
ficant portion  of  the  total  U.S.  population  of  200  million  is  exposed  in  varying  degrees  to  microwaves  from 
communications  devices;  some  individuals  am  continually  exposed.  Occupational  exposure  to  radar  exist*  in 
the  Armed  Force*,  FAA,  civilian  airlines,  : hipping,  and  other  industries.  The  number  of  microwave  devices 
projected  for  use  in  198O  Include:  ovens,  S.UOO.OOO;  diathermy,  no  estimate  with  any  degree  of  accuracy;  for 

coavnunlcat Ions,  250,000  towers  will  hav 1 been  constructed  by  1976. 

In  regard  to  ultrasonic  devices,  Villforth  (II)  tvs  reported  that  the"e  ire  an  estimated  50,000  cleaning 
units  now  in  use  in  the  U.S.  These  are  used  in  a variety  of  industries  and  other  non-hom*  applications. 
Approximately  50,000  other  cu:wiercial/ind  istrial  applications  were  in  use  at  the  end  cf  1972  , largely 
civilian.  In  1970,  there  were  approximate! y J,000  medical  diagnostic  devices  in  ,-se;  however,  the  use-growth 
pattern  suggests  this  may  have  increased  to  nearly  to ,000  in  1972,  mostly  in  the  civilian  are;.  Industry 
sale*  projection*  and  surveys  indicate  that  about  33.000  distherny  units  existed  at  the  end  of  1977.  largely 
civilian.  The  very  rapid  Incretie*  in  sales  of  diagnostic  ultrasonic  devices  indicate  that  approximately 
175.000  may  be  in  use  by  1976.  Ropulation  at  risk  is  not  knos,n  with  any  degree  cl'  accuracy  Based  on 
extrepolat Ions  of  a 1970  equipment  survey,  an  estimated  two  million  people  are  treated  annually  with  ultra- 
sonic diathermy.  Mixer  and  other  Industrial  commercial  applications  accounted  fc-  approximately  50,000 
units  in  use  by  the  end  of  1972.  The  number  of  ultrasonic  devices  projected  for  use  in  IJdO  irclude: 
cleening  equipment,  200,000  units;  medical  di agnos t ! c , approximately  175.000;  die'. barmy,  00,009;  commercial/ 
Industrial,  180,000. 

Although  thermal  effects  of  microwave  absorption  have  been  wall  demonstrated  c.nd  documented,  some 
investigators  suggest  non-tharmal  or  spocific  effects  due  to  microwave  exposure.  When  onlmals  or  man  are 
exposed  to  microwaves,  the  absorbed  energy  is  converted  to  heat  which,  If  of  sufficient  degree,  may  induce 
physiologic  responses  as  a reaction  to  the  increased  body  temperature  or  subtle  1 iterations  in  thermal 
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gradients  i n the  body.  Althouqh  tw<*  have  been  reports  of  (aPUiuiitl  chenges  of  »*•*.  near  >er  dot  r i"* , 
caf  .1 'ova* c jlat  . .>r  t«i(r<l  rtiroui  system  it  • result  of  miMmh  eapotare,  these  responses  nr*  tor- 
tillfi'l  m|>i  th*  pattern  of  iCiylioluyil  adjustment  to  I hprma  1 Inputs  Irifo  the  body 

Of  interest  IP  flu  cor»*«l  i*  a cone  las  ion  formulated  at  Pi*  Internal  i.mal  SyrpoSiu"  or  Biologic  tHytll 
at-d  Health  Hazard*  of  Nicrifwav*  Radiation,  Waiseu,  1971  A.crt*w4»e  binloqic  (Hull  m#y  be  fi>i  )fj  into 
three  cateq-r  i e*  high  average  O'lyntlifi  ("IG  nat/cn’l  at  which  ililllril  thermal  •ffci.lt  ,.ccut  which  ir 
v*s*  instance*  -sty  b»  hazardous  i t ’>e  f*»  q*  be1**  I which  qtost  theimal  effeetc  <>r«  ispfnbable, 

th#  fa.-qn  of  - r tc  ere  1 . 4 1#  ot  *ubt  I*  effects  fr.*m  ab  <ut  i-10  nA»/cm7  10  which  weak  thermal  but  r>>t  icpeble 
ef'ects  ,<£«f  II  well  II  .tired  fiel  l effect*  erf  perhaps  ,>‘iTf  effects  . * 4 n 1 r..\t..p  1 * of  macroscopic 

. «iWff  the  details  of  iff  4 1 present  m e I41  1 f ied . t1  e b >f  let  I ini  it  of  imiv  teuton*  err  appro*  .mate 

and  -at  fiff*r  fo»  111  1 ai  I|if(iri  of  arifnt  ir  I m*y  atv  (f|r»r.t  4 m hi,  of  patemelet*  such  cl 
liflafci  *r.S  M.ljUt  - or  . 

Thp  .>teracl""S  of  jiff, tour.*  ir  1 ntut  ‘'4*»  bee.  studied,  h.«**e*e»  , these  interactions  are  auite 
CoT!«I,  4-1  imt*-  further  tla.1t  It  needed  t»  <||  IfitUi'l  completely  t*-*  i r (priit  l 1 or  1 ...f  ultrasound.  Pfgsgntty, 
|>CI|-*|  of  ir*  reported  effect*  of  u)  t lav-.*- 1 may  III-  C«p  I4 1 red  I*  III  t of  Haiti  try  thevry.  When  u * l rasoun  J it 
4btorba,1  bt  tissue.  ’ f4l  it  produced.  «•■  i.l.titi  ■ , altr.it  ml  produces  bn-'loniiil  (flttli  l^ai  catnot  ba 
• apla'f't.f  or  i*tc  bat  1 1 or  ‘ml  n q alone. 

It-  Jm*  If’.’,  New  t>  qlgn  ‘ Joai  .4 1 rVPtJjjf  pub  fitic.f  4"  ef>t  trial  *it'tt?.f  "Appt icat tot  of  Ultra- 
sound ip  Me'  1*  The  e 1 • l * * r i 4 1 '->4  W ir  *f  f e c e t,  t’e  u'quest  ion*. I value  of  ultrasound  41  4 diagnostic 

loot  ji  J it.i  tit  at*  ii  tin  ml  nelicn*  x4t  '«if  t *-4t  if  "c4'  be  c .-•  * i tered  essential  t.»  good  patient 
car*.  Il  1 r*r  continued:  "Th*  m*c‘-*'- 1 \m\  of  1 lffaili  "t  bctan-pi  I Inn  4i-J  ultrasound  am  mil  •*  y*l 
Cv-p|*t*|,  trotan,  41- 1 1 U ’'oaii'i  a'l'iv  1 >c  1 r radial  o'  of  bi <•  lo-i > tal  nalrrialt  1 yilfo  a' d* r tpccifil 
if  »t»r  i«»r  tal  cm-  tit’  or  t %4t  bapi  rpporip.i  to  tautt-  <.'>i  rtn.iM1  abprrat  ■ u-t , Ifn  1 aTt  T*ip  «v  iitprcp  arailablp, 
bot*  p app  t*  1 p-afr  1 4 1 4r  t ttirical,  it  it  k'.c*f*.t  ti-at  t r*  turrpi  t .tiaifr  itt  ic  prai.ti.'t  pot#  no  iHnflutm  or 

I 04-tefn  1, afar  I t-  t rp  patip't  or  to  tr*  Ipiat  tubiPctad  to  wrolp-bofy  1 'radial  in  • . 1 "Ir  a.ldiliof  !.■  itt 

rplat'ap  tafply  at  Ci-^P.  rp  1 to  iori/not  tf  liat  1 II  , alt'at.nmf  atpt  at  s.irar  (or  in  oaltr-PtK  ntijp)  car  oflu 
t if  l.l  i •- f iirnat  i o>  or  t-p  iifftfi  cf  ar  1 local  .>•  -r  ■'  tprfatpt  belappi-  ar.i  «i(mi  toft  tittupt  unobtairablp 
bt  **ra»t  or  art  ot^pr  -ipart."  O'  t .’Cpi  raid,  a rreP*  1 rpvirnpi  of  t*r  tabjrcl  "t  bioloi|ic  afftrCtt  of 
„ 1 1 rfviar  1 liji  'at  .btprvp.t:  "...tnp  bp  ’ n>f  t*ott  fiagrottic  u 1 1 r.»t.  .41- 1 it  talr  ifftt  to  be  bated  .n-  t*tp 
I <t  p> ate r dp'-tity  4>’ 1 f-p  favl  t*'.tl  p‘vMC'4‘s  '-atr  rot  rptoyi  iff  1 adverte  effpett  ir  clirical  at*.  Tn*fp 
it  l r*  apparpi  t comfort  t'lot  >o  alypftp  effpett  *’4Vp  beer  t'»i««'  n [ftp  laboratory  at  Jiaipottic  l«*plt.  f«t  , 
tubtl*  p f f pc 1 1 ir  ta-ai't  'itf  not  brp'  looted  for  atpifaatpty  and  pottibly  p»pi  all  itr  .tt  nffpet'  ray  1 nut 
beer  air  i (i.  ff  .1  \af  f i C i pr  I 1 y . It  it  fyn  1..abt*al  t'at  fir  to  I i rp  'ipectrijr'  ..f  p'tprtially  bar  .!  pffpett 

of  altratoa'-d  or  ar  1 -a  1 1 rat  beer  ttadie.1  4 (equate  I y . " It  t*ioul  I bp  p.  intrt  oat  mat  tumlar  cri|i;itM  fiat 

beer-  Ipyeled  at  nicronay*  biirnffeclt  ttal  rt  a'  1 feportt. 

•ecautP  of  t'p  c ,r-ip  I py  i t y of  t ff  irteract  i."-t  of  1 m - iori/irg  radiation  ir  bi.  loaical  tyttent,  41  irtpt- 
Ii  SC  p I ir.ir , appro  r ,t  receysary  to  attett  ar  1 elucidate  t'-e  pr..blp"S  tr#t  pyolyp  at  tbit  field  4 *y4'  CPt 
an  1 at  tap  ufp  of  trete  prarqipy  p«partt.  It  it  inporta.  t to  rtan  taii  4 proper  pprtpective  ard  attptt 
rea  I i » t i ca  I I y tap  bi  medicil  pffpett  of  toete  rati#1'!  eiprpies  to  tba'i  tbp  .airher  or  general  public  aill  not 
c*  urlaly  eapoted  nnr  Mill  research,  Jevelop*r't  art  bprpficia*  atili/atior  of  t optp  pi-pryiot  bp  ''4rj*tr».1  of 
r*t  t r i c IP  1 by  a*’  an  Jup  corCen  for  pffpety  t«y  be  on  -eputert  it  rintifl  ir  conpa.itor  to  otrpr 

arv  i forrpi  ta  I rapardt.  Tr*  goal  of  tbi-..  lecture  teriet  it  t'  f*yi(»  aid  pi.ice  t’-e  ayailatle  inforfvition 

4r d c-irc»pts  ir  proper  pertpectiae  to  undprttar  I ai-d  ercopraoe  l‘e  *u'l  p>'lertial  tor  tbe  bprpficia!  utP  of 
(apt*  radiar,t  prprqiet,  at  t '•  tarip  > i ne  preypr-tirq  adverte  effpett  to  irdiyidualt  p*poted  to  t beta  erprqipt. 
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KTnooirtfiOft 

for  {*•  of  l»fi*  lectures,  KiihMrtl  will  W d#  f 1 ned  t|  (Hot  portion  of  the  tlHtWWytl  it 

radiant  energy  spectrum  •Me*'  trtu^ttirt  th#  ft##u#ney  rang#  of  )M  MM*  * JOO  bM»  with  wtvelengtht  in 
fro#  spec#  of  I net#r  to  I millimeter.  Extensive  invest  I get  Ion*  into  nirruweve  bioeffeett  during  th# 

Sett  quarter  century  »*h>w  conclusively  that,  fur  treguenciet  between  1*00  end  14,(00  KM,  exposure  to 
w density  o'  100  "df/cw*  for  I h or  m>r#  could  have  p*th*',ghytioli'.gic  w luti’.l'iM  of  # thermal  nature. 
Sac*1  men  > f#ste}  Ions  wuM  ‘am  c'erecteri  *ed  by  temperature  rite,  whici  it  • fimctton  of  th#  thermal  refute* 
lory  yrowutt,  #n.1  active  #<l«»t#tior>  of  th#  animal.  th#  ei'd  result  it  #l|h#r  reversible  or  lrr*y#rtlbl# 
Change,  depending  or-  th#  Conditions  of  th#  irradiation  end  the1  physiologic  tt#t#  *>f  th#  #nimtl.  At  power 
J#n t i t i *%  below  100  , however,  evdenge  of  pathologic  Changes  it  nonexistent  or  efuivocel.  A |ri«t 

desl  of  4 i it  ult  ion , never  the  lest , h#t  been  engendered  concerning  th#  r«t*tiv*  important  t of  th#m#l  or 
nor thermal  effects  of  redlof reguency  (AF)  end  microwave  radiation. 

th#  results  of  t.-rw  j_n  vi tfo  studies  h#*#  been  considered  #t  nvie#nce  of  nonthermel  #ff#ctt  of  Alt 
rediet  Ion  , Although  tome  I n*«t  1 1 fetors  end  reviowert  ttlll  question  th#  interpretation  of  th#t#  1U*C«  1 1## 
nonthermel  #ff#ctt  \!»b),  severe)  Support  north# met  interaction  between  tissues  end  electric  An#  magnetic 
f .#l4t  (7*’  ). 

TKAWAl  EFFECTS 

A'-iy  temperelur#  incr#«t#  during  #xpotur#  to  nicrowev##  depends  on:  •)  th#  specific  #r##  of  th#  body 

Hptt  I end  th#  •ffici#ncy  of  h#«t  #t  i mi  net  Ion  j b)  lnt#rtity  >r  field  strength;  c)  duration  of  exposure; 

1)  specific  frequency  or  wavelength;  and  »)  thickness  of  skin  and  Subcutaneous  tittu#.  That#  variables 
t#t#rnic#  th#  percentage  of  radiant  enerqy  absorbed  by  yariout  tissues  of  th#  body  (II,  I)). 

Ir  partial  body  exposure  un.t#r  normal  conditions,  th#  body  aett  at  a cooling  reservoir,  which  t(#bilit*t 
th#  temperature  of  tn#  exposed  part.  Th#  ttabi  I i rat  ion  it  du«  to  at'  equilibrium  established  b#tw##n  th# 
energy  absorbed  by  th#  exposed  part  of  th#  body  and  th#  amount  of  h#at  tarried  away  from  it.  Thin  h#at 
transport  it  da#  to  increased  blood  flow  to  co'ltr  parti  of  th#  body,  maintained  at  normal  temperature  by 
h#*,t  - requ  I a t i r g mechanisms  tuch  at  h*at  lott  du#  to  lw#at  evepurat  I on  , radiation,  and  convection,  If  th# 
amiurt  of  absorbed  ei-erqy  exceeds  th#  opting!  amiunt  of  h#at  #n#rgy  that  can  b#  handlad  by  ».ha  m#ch#nltmt 
• >f  I#h0#ratur#  regulation,  th,  excess  enargy  will  caul#  Continuout  t#wp«r#tur#  rit#  with  tim*.  Hyp#rth#rml* 
#rd,ond«r  tom#  t‘  ream  tarcet,  local  tittu#  J#ttruction  can  r#tult  (IJ,  I}). 

TwAtSHoca  roe  <‘|accatio*i 

Awaren#tt  f nicrowav#  #«potu r#  it  d#velup#d  by  t#v«hal  machanltnt  including  cutan#out  thermal  t#n*ation 
or  pair,  Th#  phytiology  of  th#rr^l  t#rt#tion  #nd  p«in, which  it  #tt#nt‘ally  th#  bat i t for  cutanaout  per- 
cept ior  of  nicrowav#  energy,  hat  been  th#  tubjcct  of  t#v#r«l  ttudi«t.  That#  >tudi#i  tuggett  that  • thrathold 
t#r  tat  i on  it  obtained  whan  t hq  t#np#ratur#  of  the  warmth  r#c#pton  it  incr##t#d  by  * certain  amount  AT. 

Sc  "war  st_  at  (lb)  found  that  if  a perton't  for#h»ad  it  #Kpot#d  to  lb  Wd/cm’’  of  }000  IbN*  microwavat,  the 
reaction  i,m#  TFht  lie  which  elaptet  b#fora  th#  D«rton  it  #w«r#  of  th#  t#ntatlon  of  warmth)  varied  b#tw#«n 
IS  and  7)  treondt.  Warnth  percaption  of  Si  nbl/cm5  i*ng#d  between  $0  tecondt  and  J mlnutet  of  #ftpb»jra, 
handler  a " attociatat  (1$,  lb)  mad#  detailed  ttedl#t  of  th#  cutan#out  r#c#ptor  retponte  of  man  to  10,000  Wi 
and  JOCO  AMt  micruwawt  and  for  infrared  (T#bl#  I),  for  • b tacond  #xputur#  to  10,000  AM*  ov#r  a J7  cm*  area 
of  t:ia  foreh®# d , tn*  thrathold  for  tharmal  t#nta*ion  it  12. ( n*f/cm’  and  25  mM/rm’  for  axpotyret  lotting  0.S 
tacond.  Fur  tn*  entire  fee#,  ettuming  uniform  temperature  tentitivlty  of  the  facial  tbln,  th#  th«rm#l  t#n- 
tatior  thretholl  would  be  b-6  «bf/em‘  for  e S'tncond  exposure  or  tpproxim«t#ly  10  T.«/cm*  for  a 0.S**#cond 
expotu't . 


TAIL!  I 

Stimulw*  Intent i ty  and  Tampereture  Increate  to  Aroduca  a Thrathold  Warmth  Santation" 
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6.2 
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*37  cm*  forehead 

surface  area  - 

data  fro«  Handler  e£  #j_  (15.  lb). 

Coo#  (17)  invettiyat«d  th#  pain  thrathold  for  )000  MM*  microwavet.  At  far  at  could  b«  judged,  th#  ten- 
tationt  of  warmth  and  pain  with  microwave  h#aclng  dlffared  little  from  that#  fait  whan  heating  wet  produced 
by  infratad  radiation.  Apparently  « th*r«#l  pain  tantation  It  evoked  whan  and-orgent  located  approximately 
1.5  mm  below  the  thin  turfecs  reach  a temperature  of  about  bb°C . fewer  density  level*  for  ptln  thrathold 
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* itiatpl  pri"**rily  t*  .Plrrniit  w*'pthpr  fkprp  1.4  k 4 rp  lat  i ,;r*k‘i  i p bettitepi*  P4reht,yl  pupukut*  to  i.imciry 
'4!*<>ti  1 *r.  I t he  .ictutre  tp  *f  triy  kyr.lr  p*  artit-o  iiffkprirq.  The  prt»*iipal  klimuli  f.tr  thiy  study  were 
t'p  rr  la!  '.mV*  i p bPt*ae*  V-iwr  41  t ret.ir.1ed  pup  kurp  t.i  inr.i/it*q  radieti.M-  yn.1  chr  tmutitae  I aberret  intk, 
t'p  4kk'*t  i 4 1 i o'  of  Ipuhprie  41'  I PHit-g.  il  i kh  4*  .1  t»e  IpuSeehiqer  i c effect  t*f  iuri/inq  rediitior.  Ih  idditiar 
t col  lect  in)  late  for  t”ik  *"4j*ir  *ibjectivp,  mf.irmat  i.ir*  >4*4  *ibt  aired  and  pnalyred  cot’cert' inq  other  factors, 
4jC'-  as  parental  aqe  at  1 haterral  repr  luctiae  patterns,  which  >ii*;ht  bo  »ksociated  wit**  chromosome  1 eber- 

r at i or  s ()7I. 

I r c "trast  t*'  t**e  ri>thrrs,  t'*P  fathers  **f  the  children  \«ith  Down's  kyndrore  did  not  have  significantly 
greater  e*p*  sure  to  i mi/irq  radiati  r t'*an  did  thp  control  fathers.  No  differences  were  found  in  the 
■ccupat inf > "f  the  fathers  of  Down's  syn Irome  children  and  the  controls,  eacept  for  a higher  frequency  of 
“i  tilery  service  for  the  fathers  of  '.he  Down's  syndrome  children  - 6),  I*  as  compared  with  56. 6»  fir  contr.il 
fathers,  ir  a<la:ti<in.  a history  of  radar  exposure  was  obtained  from  fathers,  which  indicated  that  8.7<  of 
the  fat'*ers  of  the  children  with  Down's  syndrome  and  ).}/  of  the  control  fathers  had  had  contact  with  radar, 
Pith  in  ar  d outside  of  the  armed  forces  *-  a difference  which  is  of  borderline  statistical  significance 
.07  ) 07)  • 

It  should  be  noted  that  thp  authors  themselves  only  suggested  the  relationship  between  Down's  syndrom* 
ar  1 pa’erra!  radar  enposure.  Toe  radiation  history  of  the  fathers  provided  a contrast  to  that  of  the  muhers. 


was  a ewrk# .1  tini  in  re  hislorv  of  radiatin'-  exposure  reported  by  the  fethtr*  of  them's 

s*>-.in w»  children  end  of  tn*  control*,  except  for  the  suggested  r*i«|i.,r*M*  between  Down's  syndrom*  and 
F)t!0’»l  rater  eapoSur*.  With  IKf  snail  »« -*er*  available,  If  is  n>tl  f t 1 1>  this  fii.dino  i*  4 tntutt 
observe!  ion  . ir  y.t  !i  t , .me  ha*  to  rr(uD'i/(  the  pot*  i bi  I 1 1 y of  inadvertent  unknown  end/or  unfrtui 
exp-sure  t,,  i,,ritu'4  >etiet>->'  of  „th*i  generic  po  r t urb  i imj  ewrnt  . This  is  #o  ever-present  caul  ion  tn  retro* 
•p»tl  it  ep  • Mt  -- 1 o ■ ■ Ji  c ''jrvfiv, 

wi<**TObciti:s 


AitN-ugh  4 ru-feer  ,,f  investigators  ■,**>•  that  the  Mood  411(1  blood  forming  era  rut  effittad  b» 

acute  or  t*iro»-,c  n , c f,w<Vf  exposure  (If,  38'hO),  effect*  ■>„  Semwtopoiet  i t re vf  been  reported  tvi-hS).  T*5*  . 

; ~n  . f ,.rie'  *>.l  .ie-sree  of  • enetopoiet  i t change  may  be  dependent  or  the  wavi..!c.-.gth.  field  intensity  end 
luretior  of  upmrj  (bn-bfil.  It  is  suggested  that  leukocyte  response  is  related  to  hypot  hal  ami  i*h»;>onhrs  ial 
e'rerel  1 1 ( -milal  i o'-  'oe  to  r>ernul  stress  {b*'. 

Hyde  erd  fried'Nir  ( ^ 0 > studied  the  efferts  ir  nice  from  exposure  to  3000  MH*,  10  rtW/tm’  anl  10,01)0  HI*, 
l',  bfi,  o 60  rMt  t"1  up  to  lb  -irutes,  bo  * i dr  i f t tent  effect  or  total  or  differential  leukocyte  Count  or 
'■e'V'j’ob  in  concert  ret  ;,•>  mo  roted  i-rmdieteiy , |,  7.  or  10  deys  efter  exposure.  There  were  no  !•-■ 

lenoroi  thru  —arrow  , tsri  |'i*r  ar  i "Const  ei  t sligM  increase  in  the  eoimoph :!  series  of  the  fxpi  »e  4hlrrt„!s 
■ sin  wet  not  rt*lrctet  peripheral  blood  courts. 

kijs-vskeye  Ibhl  subiectel  rets  r J000  MM / according  to  the  following  schedule:  ID  mW/cm1 , SO  "in, 

. ie  du,*.:  *0  isU'cn',  !5  mu,  10  days;  >00  oW/co-,  5 Fir,  ( Ja»s.  At  bO  mW/cm*  «rd  100  mW/tm* , lotei  8IC, 
eft,  ei  .1  niute  I ynpnocy  if,  ne  re  decreased ; uret-uli-cy  tes  end  reticulocyte*  were  elevated.  At  10  mvf/cit-' , 
t 'tel  WDC  end  resolute  > y cy !•*  itecreesed,  en.i  grarut-rcytet  inertesed.  tore  mar rus  s»a«ir.at  ion  revealed 
rrytnr  iid  r-y  pens  I as  i a 4 1 the  higher  power  lev*,,.  The  blond  d.  1 riot  return  to  its  normal  stele  months 
efter  the  serie'i  of  irrediet  i.ms  wes  di  scort  *rued. 

•eiei'Sbl  HiS,  511  exposed  guinea  pig*  end  rabbits  to  )£>00  UK*  pulsed  or  CW  j.>  ••  4,Vs“J  rower  density  for 
| n rps,  3 s,|  leily.  Peripheral  blood,  bone  marrow,  lymph  nodes  end  spleen  were  e**mired.  Increases  i.- 
ebs'tute  I s mph,  ic  y t e Counts  in  peripner*!  blood,  abnormalities  in  nuclear  structure  end  mitosis  in  the  erythro 
blest'C  cell  serie  n t'e  bore  merrow  aid  in  lympNi.d  cells  in  lymph  no.den  end  spleen  were  :*b*e^ved.  Ho 
e!teret;o'-  u t*.e  <*ranu-l.<cyte  series  was  noted,  larai-ski  sugpests  that  eer.rethsirmal  complee  Interactions 
see”  to  be  the  underlying  mechanism  for  the  cherubs 

ludd  ej^  a_l_  (Si'  inves’i dated  the  sensitivity  of  the  fetal  rat  hematological  S>ste~-  f'-i|,>wlng  in  utero 
'.enwaye  i rradiiii  io>  . b rt  or*'  t ip  raqui  • Oew  I ey  rats  were  exposed  one  at  a time  to  wh;.le*body  IbCO  AM* 

IOC  .•.«/('»■  CW  microwaves  at  IS  lays  destetloi  . Under  these  conditions  the  rectal  temperature  of  the 
preijr.irl  rats  i n c reused  b,;-’,'.  above  that  of  the  controls,  Hamato loqi ca I changes  were  measured  ir  the 
pregnant  rats  at  b "-ours,  Jb  hours,  and  5 days  pos  t » i r radial  ion  |shor,!y  before  the  fetuses  were  removed). 

• dy  and  spleen  weights  and  h*mato loqi cal  changes  were  measured  in  the  fetal  rats  at  10  days  gestation, 
bo  significant  differences  were  found  between  in*  control  and  microwave  exposed  pregnant  rats  in  body 
weight,  total  Itwbocyte  court,  erythrocyte  count,  hematocrit,  or  hemoglobin  value.  Microwave  irradiated 
fetuses  ‘ad  significantly  lower  spleen  **ignt*  (P-0.05),  total  leukocyte  counts  (P'0.01',  and  suanwhat 
lower  heny  giobin  values  |P-  10)  than  controls.  Mo  epprr  iable  differences  were  observed  between  microwave 

irradiated  fetuses  and  the  : controls  in  bods  weight,  **fa  uptake  in  blood  or  fetal  resorption,  The  lack 
, f any  effect  in  th«  pregnant  rat  exposed  to  100  msf/cm‘  or  any  greeter  effect  in  the  foetus  than  that 
raportad  is  noteworthy. 

Spalding  (5)}  exposed  mice  to  8^0  mm*  two  hours  daily  for  120  days  in  a closed  system  (wave  guide)  at 
int'deine  level  of  bj  cm',  8,.,ly  weight,  re,',  and  white  blood  cell  count,  hematocrit,  hex«globin, 
gr.twtn , voluntary  activity  crnd  life  spar  remained  normal.  Distinct  changes  in  the  proportions  of  white 
a*  i red  bone  n«rn*i  stem  cells  njy*  been  observed  in  rabbits  chronically  exposed  to  nmter  waves  at  I mbffcm* 

(5b). 

In  dugs  axpose 1 whole-body  to  pulsed  microwaves  there  was  a merkad  decresse  in  iymphocytas  and  aosino* 
piils  after  six  hours,  IttOO  HH*  l'0  mw/c>v  (55).  The  neutrophil*  remained  slightly  increased  ut  2b  hours, 
while  eosinophil  and  lymphocyte  values  returned  to  nornwl  levels.  Following  two  hours  of  eapotu'e  at 
1(5  mW/cm-’ , there  was  a slight  leukopenia  end  decrease  in  neutrophils,  When  the  exposure  was  of  three  hours 
duration,  leukocytosis  was  evident  immediately  after  exposure  and  was  more  marked  at  !b  hours,  reflecting 
tn#  neutrophil  response.  There  was  a xsiderete  decline  in  iymphucy tus  immediately  following  two  to  three 
hours  of  exposure,  with  recovery  to  the  pre-exposure  level  at  ilb  hour*.  Cosinophil  c»enge  was  segligible 
at  tha  termination  <,if  three  hours  exposure  and  moderately  dtereesed  at  2b  hour*. 

After  exposure  to  1185  MMx,  '00  mW/cm1'  for  six  hours,  there  was  an  increase  in  leukocytes  ,tnd  nautro- 
pni's.  At  ?k  hours,  the  neutrophil  level  was  still  noticcxbly  Increased  from  the  pra-exposura  level, 
lymphocyte  and  eosinophil  values  were  moderately  depressed  end  at  2b  hours  slightly  exceeded  the i i initial 
value. 

Six  hours  of  exposure  to  200  MH*  (CW)  1(5  mW/cm1  resulted  In  a marked  increase  in  neutrophils  and  a 
mild  decrease  in  lymphocytes.  The  leukocyte  count  was  further  increased,  and  the  lymphocyte*  meiktdly 
increased  the  following  day.  Cosinophil*  were  moderately  decreased  ($5). 

exposure  of  mice  to  2b50  HHt,  100  mW/cma  for  5 minutes  resulted  In  a decrease  followed  by  an  Increase 
in  fa"  uptake  in  the  iploen  and  bone  marrow  (5u).  Alteration  In  femo-klnet  ics  was  also  found  in  rabbits 
and  guinea  pigs  exposed  to  3000  MM*  at  I mw/em*  or  3 mw/cm*,  2-b  hours  daily,  lb*73  days  (5T). 

Early  end  sustained  leukocytosis  In  enimels  exposed  to  thermogenic  levels  of  microwaves  may  be  related1 
to  stimulation  of  the  hematopoietic  system,  leukocytic  mobl I Itatlon , or  recirculation  of  sequestered  calls, 
Cos i nopen i a and  transient  lymphocytopenia  with  rebound  or  overcompensation  vhen  accompanied  by  neutrophilia 
may  irdicatt  increased  adrenal  function. 

•arron  at  el  (20  reported  an  apparent  decrease  in  polymorphonuclear  calls  and  increase  in  eosinophils 
and  monocytes  in  a group  of  radar  workers.  In  a later  report,  however,  the  same  authors  (27)  found  these 
decreases  to  be  incorrect  due  to  a variation  in  a laboratory  technician's  interpretation. 

lerenski  and  Ccerski  (b 7 ) raportad  on  the  iigmetologic  examination  of  a larja  group  of  people  occupa- 
tionally exposed  to  microwaves.  They  concluded  that  a small  drop  In  the  number  of  erythrocytes  tabes  place 
in  all  people  exposed  to  microwaves;  incidence  is  related  to  the  length  of  employment  with  norma  1 1 let  ion 
later,  a symptom  which  does  not  appear  in  groups  heving  worked  for  one  to  five  years . A tendency  toward 
lymphocytosis  with  accompanying  aoslnophilla  is  apparent  in  persons  having  worked  more  than  five  years 
under  conditions  of  tow  and  medium  microwave  exposure.  Three  groups  of  leukocyte  changes  occur  In  persons 
exposed  to  substantial  irradiation  for  more  than  five  years:  mos t frequent  ere  absolute  and  relative 
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lymphocyte* It:  next  In  order  is  absotuta  lymphocytosis  with  monocytosis:  end  neutrophilic  leukocytosis  1s 
lest.  About  SOt  of  persons  exposed  to  microwaves  show  e i.oderete  drop  In  platelet  number.  This  poses 
the  Question  whether  X-rays  or  other  envl ronmentel  factors  may  not  be  the  entity  or  at  least  a contributor 
In  such  findings  (58). 

CARDIOVASCULAR  EFFECTS 


Several  Investigators  report  that  exposure  of  animals  or  man  to  microwaves  may  result  In  direct  or 
Indirect  effects  on  tlie  cardiovascular  system.  Some  authors  suggest  that  exposure  to  microwaves  at 
Intensities  that  do  not  produce  appreclet thermal  effects  may  lead  to  functional  changes  that  are 
observed  with  acute  as  wall  as  chronic  a.  osures.  On  the  other  hendi  no  serious  cardiovascular  disturbances 
have  been  noted  In  man  or  animals  as  a result  of  microwave  exposure  (59). 

Increased  heart  rate  has  been  observed  In  rabbits  and  dogs  after  exposure  to  power  densities  of  50-130 
mW/cm2  for  variable  periods  of  time  ranging  from  10-lk0  minutes  (60,  6l,  62).  Slowing  of  thw  heart  rate  Is 
reported  by  some  investigators  with  tow  (or  what  they  consider  "nonthermel")  levels  of  microwaves  (39,  63), 
although  others  have  reported  * creased  heart  rate  with  low* level  microwave  exposure  over  the  dorsal  aspect 
of  rabbits  (6k,  65).  Increase  in  blood  pressure  has  been  reported  (u0,  66,  6,). 

Homodynamic  response  of  the  dog  exposed  to  thermogenic  levels  of  2800  MHz  pulsed  resembles  that  of 
acute  heat  stress  as  manifested  by  early  hemodllutio'  followed  by  hemocon cent  rat  ion.  As  the  exposure  is 
prnl-mged,  hemoconcen tret  Ion  becomes  more  evident.  Dogs  exposed  at  165  mW/cm2  show  a body  weight  loss  of 
2.0’"/hr.  At  100  mW/cm2 , there  is  a weight  loss  of  1.25%/hr,  and  hemodllution  occurs,  as  contrasted  with 
hemoconcentration  evident  at  165  mW/cm2  (55). 

t'ubbota  (67)  has  noted  that  In  rabbits  chronically  exposed  to  2kS0  MHz,  10  mW/cm2,  little  change  In 
arterial  pressure  was  evident.  However,  hemodynamic  shifts  were  quite  clearly  In  evidence  even  at  I mW/r.m2, 
No  hcmoaynamic  shifts  were  observed  beginning  with  the  kth  or  5th  treatment.  When  the  rabbits  were  exposed 
to  50  mW/cm’,  the  orterial  pressure  dropped,  then  recovered  to  its  initial  level  after  1-2  hours.  Character- 
istically, these  effects  were  registered  only  after  the  first  few  microwave  treatments,  and  later,  as  the 
treatments  were  repeated  (once  every  1*3  days),  the  arterial  pressure  change  became  smaller  in  degree  until 
disappearing  the  9th  or  1 0th  treatment.  The  rectal  temperature  rise  was  l-l.7°C  after  the  first  exposure, 
but  0.7*0.9°C  after  9 to  10  treatments, 

Presman  and  Levitina  (6k,  65)  Interpret  their  data  as  indicating  an  effect  on  the  parasympathetic 
nervous  system  (vagus  nerve)  during  ventral  irradiation  and  on  the  sympathetic  nervous  system  during  dorsal 
exposure.  Levitina  (oS)  has  suggested  that  the  peripheral  nervous  system  is  the  mediator  between  microwave 
radiation  and  Its  possible  effects  on  heart  rate. 

McAfee  (69)  has  pointed  out  how  data  can  be  misinterpreted  to  be  the  result  of  some  unknown  effect  of 
microwave  radiation,  when  hyperthermal  effects  are  not  Involved.  In  cots,  when  peripheral  nerves  are 
stimulated  by  k5°C  temperature,  adrenal  medullary  secretion  occurs  and  a rise  in  blood  pressure  is  developed 
as  a result  of  adrenal  secretion  (70).  McAfee  (71)  questions  whether  experiments  on  the  effect  of  microwave 
radiation  on  heart  rate  are  carefully  controlled  for  this  possibility:  If  so,  it  Is  not  mentioned  in  the 

I i terature. 

functional  damage  to  the  cardiovascular  system  indicated  by  hypoconus,  bradycardia,  delayed  auricular 
and  ventricular  conductivity,  decreased  blood  pressure,  and  decreased  height  of  EKG  waves  in  workers  in  RF 
or  microwave  fields  has  been  reported  (k3,  72”75) • Osipov  (76),  however,  points  out  that  these  changes  do 
not  diminish  work  capacity,  and  are  reversible,  It  has  been  reported  that  the  functional  state  of  the 
circulatory  system  of  radar  station  operators  who  exercise  regularly  (preliminary  gymnastics)  is  superior 
to  that  of  person-  who  avoid  physical  exercise  (77)- 

According  to  Sadchikova  (78),  two  basic  syndromes  of  hemodynamic  disturbance1!  induced  by  changes  in 
regulatory  reflex  function  exist,  dependent  on  the  preponderance  of  excitability  of  sympathetic  or  para- 
sympathetic vegetative  nervous  centers.  Clinical  syndromes  are  induced  simultaneously  with  or  immediately 
after  hazardous  occupational  exposure.  Both  types  of  reactions  may  be  observed  among  persons  exposed  to 
microwaves  at  intensity  levels  of  a few  milliwatts/cm2  for  long  periods  of  time.  Neurocl rculatory 
disturbances  of  a hypertensive  character  are  related  to  the  duration  of  exposure,  vagotonic  reactions  occur 
during  initial  periods  of  work.  Prolonged  exposure  induces  progressive  changes,  interruption  of  exposure 
may  induce  a remission.  Symptoms  of  sympathetic  circulatory  disturbances  occur  In  persons  exposed  to  low 
dose  intensities  of  a few  tens  of  microwatts/cm2  with  occasional  exposures  up  to  1 mW/cm2 (78)  . 

Tolgskaya  and  Gordon  (79)  observed  morphological  changes  in  receptors  after  one  exposure  to  microwaves 
which  decreased  with  repeated  exposures.  They  suggest  that  receptors  of  the  reflexogenlc  zone  of  the  curve 
of  the  aorta,  the  carotid  sinus,  and  all  layers  of  the  auricular  wail  are  highly  sensitive  to  microwaves. 

It  does  appear  that  functional  cardiac  changes  can  occur  as  a result  of  microwave  exposure  which 
doubtless  are  due  to  response  of  the  autonomic  nervous  system  to  thermal  effects.  It  has  been  noted  that 
thermal  stimulation  of  peripheral  nerves  produces  neurophysiological  and  behavioral  changes  (70).  Inter- 
action between  the  peripheral  nervous  system  and  the  central  nervous  system  could  account  for  the  reported 
effects  on  heart  rhythm,  blood  chemistry,  and  ECG. 
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PHYSICAL  ASPECTS  - ULTRASOUND 
P N T Wells,  Bristol  General  Hospital,  Bristol,  UR 

Summary 

Ultrasound,  which  is  a form  of  energy  consisting  of  mechanical  vibrations 
the  frequencies  of  which  lie  above  the  range  of  human  hearing,  travels 
through  media  in  the  form  of  waves.  At  frequencies  of  tens  to  hundreds 
of  kilohertz,  ultrasound  may  be  generated  and  detected  by  magnetostriction t 
at  higher  frequencies,  piexoelectric,  and  particularly  ferroelectric, 
transducers  are  used.  At  megaherts  frequencies,  ultrasonic  powers  are  most 
conveniently  measured  by  relation  pressure  detectors,  or  by  calorimetry. 

In  biological  soft  tissues,  ultrasonic  waves  are  usually  in  the 
longitudinal  mode,  and  travel  at  velocities  of  around  1 S00  m a"1.  The 
shape  of  ultrasonic  field  defends  on  the  size  of  the  transducer  in 
relation  to  the  wavelength.  Focusing  systems  of  quite  small  dimension* 
can  be  used  to  produce  high  intensities  at  megahertz  frequencies. 

Spe-ular  reflection  occurs  at  discontinuities  in  characteristic 
impedance  which  are  large  in  relation  to  the  wavelength;  energy  ia 
scattered  by  smaller  discontlnulti* a within  biological  materials.  In 
soft  tissues,  ultrasound  is  absorbed  at  a rate  of  about  l dB  cm-1  MHz'1 
by  Lroad-apectrum  relaxation  processes . The  attenuation  in  both  lung  and 
bone,  however,  is  very  much  higher,  and  their  characteristic 
impedances  differ  greatly  from  those  of  soft  tissues.  The  inclusion 
or  occurrence  of  gas  bubbles  within  liquids  or  soft  tissues  may  have 
profound  effects  on  the  neighbouring  ultrasonic  field,  due  to 
phenomena  broadly  classified  as  cavitation  effects. 

Ultrasound  is  a form  of  energy  which  consists  of  mechanical  vibrations  the  frequencies 
of  which  lie  above  the  range  of  human  hearing.  The  lower  limit  of  the  ultrasonic 
spectrum  is  generally  taken  to  be  about  20  kHz. 

Ultrasonic  vibrations  travel  through  a medium  in  the  form  of  a wave.  The 
transducers  used  to  qenerate  and  to  detect  ultrasonic  waves  are  of  vai'ious  kinds, 
according  to  the  frequencies,  wave  shapes  and  intensities  which  are  involved. 

At  frequencies  of  tens  to  hundreds  of  kilohertz,  the  magnetostrlctive 
transducer  is  appropriate.  A magnetostrlctive  material  has  the  property  that  the 
application  of  a magnetic  field  causes  a change  in  physical  dimensions,  and  vice 
versa.  In  the  absence  of  an  applied  magnetic  field,  the  magnetic  domains  of  a 
magnetostrlctive  material  are  randomly  orientated.  The  shape  of  each  individual 
domain  is  asymmetrical.  The  application  of  an  external  magnetic  field  tends  to 
rotate  the  domains  into  the  same  direction,  and  it  is  this  change  to  a 
non-random  orientation  which  causes  the  change  to  occur  in  the  dimensions  of  the 
material.  The  change  may  be  either  positive  or  negative,  and  for  a given  field 
strength  t is  in  the  same  direction  irrespective  of  the  sign  of  the  applied  field. 
Consequently,  if  an  alternating  magnetic  field  is  applied  - for  example,  by 
introducing  the  magnetostrlctive  material  into  the  field  of  a solenoid  carrying 
an  alternating  electric  current  - the  magnetostvictor  oscillates  at  twice  the 
frequency  of  the  magnetic  field.  Generally  this  difficulty  can  be  overcome  by  the 
application  of  a non-varying  magnetic  field  of  a relatively  large  magnitude. 

In  any  particular  application,  the  choice  of  the  magnetostrlctive  material 
depends  upon  several  considerations,  including  the  frequency  and  the  intensity.  At  low 
frequencies  and  high  intensities,  nickel,  and  alloys  of  certain  materials  such  as  iron 
and  cobalt,  are  appropriate,  and  generally  a laminated  construction  is  used  to  minimise 
eddy  currant  losses.  At  high  frequencies  - in  excess  of  about  50  kHz  - and  even  at  low 
frequencies  at  intensities  below  about  20  W cm  in  water,  synthetic  ceramic  materials 
known  as  ferrites  have  better  characteristics  than  those  of  Ratals. 
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Certain  material*  have?  the  property  that  the  application  of  an  electric  field 
cause*  a change  In  phyelcal  dimension*,  and  vice  versa.  This  In  the  plesoelectrlc 
effect,  which  occur*  in  aome  natural  and  synthetic  crystal*  such  as  quartz  and 
lithium  sulphate.  In  addition.  In  some  artificial  ceramic  materials,  the  Individual 
change  domains  may  be  aligned  In  a manner  analogous  to  the  magnetic  domains  In  a 
ferromagnetic  material  in  a magnetic  field.  The  analogy  leads  to  the  term 
"ferroelectric".  Ferroelectric  ceramics  may  be  polarised  during  the  manufacturing 
process,  ao  that,  unlike  ferromagnetic  transducers,  an  external  polarising  field  is 
unnecessary. 

Probably  lead  zlrconate  tltanate  Is  the  most  widely  used  plesoelectrlc  transducer 
at  frequencies  In  the  range  0.1  - 10  MHs . Its  characteristics  may  be  modified  to 
control  the  frequency  bandwidth.  A great  advantage  of  the  plesoelectrlc  ceramics 
is  that  they  may  be  formed  into  any  desired  shape  during  manufacture,  and  polarised 
In  any  required  direction.  Although  the  most  usual  shape  is  that  of  a thickness- 
expanding  disc,  two  other  configurations  are  quite  often  used  in  ultrasonic 
applications.  Firstly,  spherical  bowls  are  used,  generally  to  produce  focused 
ultrasonic  fields.  Secondly,  cylinders  with  electrodes  bonded  onto  their  inner  and 
outer  curved  surfaces  are  used  as  length  expanders  to  drive  various  prober. , ‘and  as 
omnidirectional  receiving  elements.  Some  typical  arrangements  are  illustrated 
in  Figure  1 . 


(a)  (b)  (c) 

Fig,  1.  Typical  ultrasonic  transducers  and  their  mounting  arrangements. 

(a)  Magnetostrlctive  transducer  with  concentrating  cone}  (b)  Piezoelectric 
disc  transducer}  (c)  Ferroelectric  spherical  bowl  transducer. 

At  megahertz  frequencies,  ultrasonic  powers  are  most  conveniently  measured  by 
radiation  pressure  detectors,  or  by  calorimetry.  A force  becomes  established  across  a 
region  in  which  there  is  a change  in  the  intensity  of  the  wave.  If  the  wave  is 
completely  absorbed,  the  force  is  equal  to  the  incident  power  divided  by  the  wave 
velocity.  The  theoretical  basis  of  the  effect  is  still  somewhat  controversial:  but 
in  practice,  the  simple  relationship  is  that  the  absorption  of  an  ultrasonic  wave 
with  a power  of  ) W travelling  in  water  produces  a force  equivalent  to  a weight  of 
about  70  mg.  Therefore,  with  a suitably  designed  "radiation  pressure  balance", 
measurements  of  force  may  be  directly  x'elated  to  estimates  of  ultrasonic  power.  The 
construction  of  a typical  radiation  pressure  balance  is  illustrated  in  Figure  2.  In 
this  instrument,  the  ultrasonic  beam  is  arranged  to  be  intercepted  as  it  travels 
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through  water  by  an  absorber  mounted  on  one  end  of  a balance  ana,  thus  producing  a 
turning  moment  proportional  to  the  ultrasonic  power.  This  turning  moment  is  balanced 
by  a rider  of  known  weight  appropriately  positioned  on  the  other  arm.  Since  it  is  not 
possible  to  i Ind  a material  which  does  net  reflect  some  of  the  incident  energy  - ee 
explained  letar  in  this  article  - accurate  instrument*  are  arranged  so  that  reflected 
energy  does  not  introduce  errors. 


CALIBRATION 


Fig.  2.  Typical  radiation  pressure  balance.  The  instrument  operates  under 
water.  The  ultrasound  reflected  from  the  partial  absorber  which  forms  the 
sensing  surface  at  the  end  of  the  balance  arm  la  travelling  horlsontsily,  and 
so  does  not  produce  an  erroneous  turning  moment  about  the  fulcrum. 

This  type  of  radiation  pressure  balance  is  suitable  for  the  measurement  of 
ultrasonic  powers  in  the  range  0.05  - 10  W.  The  measurement  of  power  of  less  than 
0.05  W requires  a very  sensitive  system,  since  such  small  forces  are  involved.  A 
convenient  way  around  the  difficulty  is  to  use  a modified  analytical  balance,  which  can 
typically  measure  a power  of  2 mW  (equivalent  to  a weight  of  140  ug)  with  accuracy 
of  3». 

Calorimetry  is  a more  fundamental  but  generally  less  convenient  method  of 
ultrasonic  power  measurement.  It  depends  on  the  complete  absorption  of  the  ultrasonic 
energy  within  the  body  of  a calorimeter,  which  allows  the  heat  so  produced  to  be 
measured.  The  method  is  tedious  because  of  the  necessity  to  wait  whilst  thermal 
equillbrum  is  achieved  between  measurements.  It  is  relatively  insensitive,  because  of 
the  difficulty  of  measuring  small  amounts  of  heat.  The  principal  source  of  error  is  due 
<-o  the  diroct  transfer  of  heat  due  to  the  inefficiency  of  the  source,  which  is 
indistinguishable  from  that  produced  by  the  absorption  of  ultrasound.  Despite  the 
problems,  instruments  have  been  constructed  in  the  laboratory  which  are  capable  of 
measuring  powers  in  the  range  0.1  - 10  W,  and  which  aqree  quite  closely  with  radiation 
pressure  determinations. 

In  biological  soft  tissues,  ultrasonic  waves  usually  travel  in  the  longitudinal 
mode.  The  particles  of  which  the  medium  is  composed  vibrate  backwards  and  forwards 
about  their  mean  positions,  so  that  energy  is  transferred  through  the  medium  in  a 
direction  parallel  to  that  of  the  oscillations  of  the  particles.  The  particles 
themselves  do  not  move  through  the  medium,  but  simply  vibrate  to  and  fro.  The  velocity 
at  which  the  energy  is  propagated  is  determined  by  the  delay  which  occurs  between  the 
movements  of  neighbouring  particles.  This  depends  on  the  elasticity  end  the  density  of 
the  medium.  In  water,  the  velocity  is  1 520  m s”1  at  37  °C.  The  values  of  the 
velocities  in  soft  tissues  are  not  precisely  known,  but  range  from  about  1 450  m s'1  in 
fat  to  about  1 585  ms"1  in  muscle. 

The  "ultrasonic  field"  of  a transducer  la  the  tern  used  to  describe  the  spatial 
distribution  of  its  radiated  energy.  The  analysis  of  the  field  is  based  on  the 
application  of  Huygen's  construction,  in  which  the  surface  of  the  transducer  is 
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considered  to  b«  an  array  a I separate  elements  each  radiating  spherical  waves  in  the 
forward  direction.  The  elements  move  synchronously  with  equal  amplitude*)  thus,  a disc 
la  considered  to  be  a piston  the  surface  of  which  vibrates  cophae.iliy  at  constant 
amplitude.  This  Is,  however,  a rather  complicated  situation  for  Analysis,  since 
three-dimensional  geometry  la  Involved.  The  theoretical  distribution  for  eueh  a source 
la  shown  diagranmat leal ly  in  Figure  3. 


NEAR  FIELD  • 


FAR  F I i LO  ■ 


Fig,  3.  Theoretical  field  distribution  of  a typical  disc  transducer.  In  this 
example,  the  transducer  has  a radius  of  10  wavelengths.  The  ring  diagrams 
represent  the  cross-sectional  intensity  distributions  at  selected  positions 
along  the  central  axis  of  the  beam. 

Moving  along  the  central  axis  of  the  beam  towards  the  source,  the  intensity 

increases  until  a maximum  is  reached  at  a distance  x'  from  the  source  given  by 

Max 

x'max  “ (1 

2 2 

where  r is  the  radius  of  the  source,  >.  is  the  wavelength  nt  the  ultrasound,  and  r >>  X . 
The  relationship  between  X,  the  velocity  c,  and  the  frequency  f,  is  that 

x * c/f  (2 


Increasingly  closely  spaced  axial  maxima  and  minima  occur  towards  the  source.  At 
successive  axial  maxima  and  minima,  starting  at  x' „„„  and  moving  towards  the  source, 
there  are  one,  two,  three,  etc.,  principal  maxima  across  the  beam  diameter.  Thus,  the 
beam  has  two  dinti-ot  regions.  The  region  between  the  source  and  is  known  as  the 

"near  field",  and  the  beam  is  roughly  cylindrical.  The  region  bevond  this,  the  "far 
field”,  is  characterised  by  beam  divergence  at  angles  ±0  about  the  central  axis,  given 
by 

sin  0 - 0.61  X/r  (3 


Thus,  the  shape  of  the  ultrasonic  field  depends  on  the  sire  of  the  transducer  in  relation 
t the  wavelength.  Only  when  the  source  is  at  least  a few  wavelengths  in  site,  does  the 


Amfe  : .rsjjad&fehr 


3-3 


ultrasonic  field  assume  the  shape  of  e defined  been.  Under  these  circumstances,  it  is 
possible  to  use  cathode  analogous  to  those  of  optics  to  focus  the  bean.  The  siae  of  the 
focal  volume  is  limited  by  the  wavelength.  tlther  lenses  (made  from  materials  which 
have  different  values  of  velocity  from  those  of  thelt  surroundings)  or  curved, 
self-focusing  transducers  may  be  used.  At  negshertt  frequencies,  intensity  gains 
of  1 000  or  more  may  eaaily  be  achieved,  corresponding  to  focal  intensities  In  water 
of  up  to  around  3 kW  cm"*. 

In  any  given  medium,  the  ratio  of  the  instantaneous  values  of  particle  pressure  and 
velocity  ia  a constant.  The  constant  la  called  the  "characteristic  lmpodance"  8 of  the 
medium,  and  la  relatad  to  the  density  p and  the  velocity  by  the  equation 

8 ■ pc  (4 


In  a propagating  wave,  there  are  no  audden  discontinuities  in  either  particle 
velocity  or  particle  pressure.  Consequently,  when  a wave  meets  the  boundary  between  two 
madia,  both  particle  velocity  and  the  partiele  pressure  must  be  continuous  across  the 
boundary.  In  each  medium,  however,  the  ratio  of  these  two  quantities  la  fixed,  being 
equal  tc  the  corresponding  characteristic  impedance}  and,  if  the  characteristic 
impedances  of  the  media  on  each  aide  of  the  boundary  are  unequal,  the  Incident  energy 
in  shared  to  satisfy  thia  requirement.  The  result  la  that  not  all  the  energy  la 
transmitted  across  the  boundary,  but  a fraction  R is  reflected  which,  for  normal 
incidence,  is  given  by  the  equation 

R - [<«?  - Ejl/tJj  ♦ ; ]a  (3 

where  Ej  and  3-j  are  the  characteristic  impedances  of  the  incident  and  transmitting  media 
respectively,  This  relationship  is  modified  for  ncn-normal  incidence,  and  total 
internal  reflection  occurs  where  sin  't  « 1 in  the  equation 


sin  o^/ain  ot  » Cj/c,  (6 

where  the  angles  ^ a ..  d>t  are  those  of  incidence  and  transmission  respectively,  as 
indicated  in  Figure  4. 


In  this  diagram,  0^  = Pr,  as  in  ray  optics,  and  the  reflection  is  said  to  be 
"specular*.  Specular  reflection  occurs  at  discontinuities  in  characteristic  impedance 
which  in  ap  _ial  extent  are  large  in  relation  to  the  wavelength. 

It  is  important  to  realise  that  the  results  of  calculations  of  refraction  and 
reflection  conditions  at  a plane  boundary  may  not  apply  to  a similar  characteristic 
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impedance  discontinuity  at  a rough  Interface  ol-  a smoU  obstacle  Thu  apecular  component 
of  reflection  Is  at  least  partly  replaced  by  components  of  scattered  onergy.  This  effect 
becomes  important  when  the  dicaensior.s  of  the  discontinuity  are  ot:  the  order  of  a 
wavelength  or  lens.  If  the  obstacle  is  very  much  lass  thin  the  wavelength  In  alee,  the 
intensity  of  the  wave  which  Is  backscattered  varies  Inversely  at*  the  I'ourth  power  of  the 
wavelength.  With  wavelength-order  discontinuities,  however,  such  es  vitey  occur  in 
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biological  materials,  the  theoretical  problem  becomes  very  difficult.  Zt  is  doubtful 
whether  models  are  helpful  except  in  the  elucidation  of  general  principles,  and  it  is 
better  to  make  experimental  measurements  than  to  attempt  to  make  theoretical  estimations 
in  cases  where  the  physical  dimensions  are  necessarily  not  well  known. 

Ultrasound  is  attenuated  as  it  travels  through  a medium.  The  data  from  experimental 
measurements  in  biological  materials  ate  both  sparse  and  hard  to  relate  one  to  the  other. 
Xt  Is  not  realistic,  at  fc..e  present  time,  to  limit  attention  to  tissues  from  man.  Zt  la 
seldom  possible  to  take  much  account  of  the  temperatures  at  which  the  measurements  were 
made,  nor  of  the  "freshness*  of  the  tissue  samples,  although  both  these  factors  are 
probably  of  considerable  importance.  Despite  these  limitations,  It  Is  apparent  that, 
for  biological  soft  tissues, 

a • a fb  (7 

where  i Is  the  absorption  coefficient  'generally  measured  in  dB  cm”1),  and  a and  b 
depend  upon  the  character lxtlcs  of  the  particular  tissue  and  tha  conditions  of 
measurement,  and  have  fairly  constant  values  over  limited  ranges  of  frequency.  The 
value  of  b is  generally  only  a little  greeter  than  unity  for  soft  tissues  In  the 
frequency  range  O.j  - ICQ  Mils,  'where  f is  expressed  In  HHit  typically 
i * I SB  cm”1  MM*” * , although  the  values  range  from  one  third  to  twice  this  rate.  At 
1 MHs,  the  absorption  rate  in  bone  la  around  10  dB  cm”1,  whilst  that  in  lung  1«  about 
<10  dB  cm”*.  Cn  the  other  hand,  the  absorption  In  blood  is  only  0.1  dB  cm”1  at  1 Mils. 
Those  v ’lluu*  may  be  compared  with  0.002  0 d5  cm”1  In  water  at  1 MHa,  and  in  water  the 
absorption  rate  is  proportional  to  the  square  of  the  frequency. 

for  biological  soft  tissues,  the  question  arises  as  to  how  a linear  relationship 
comes  about  between  the  absorption  rate  and  the  frequency.  The  “classical*  mechanism 
of  absorption,  which  depend*  on  friction  between  the  particles  in  the  medium,  gives  a 
quadratic  dependence  -o  frequency,  such  as  occurs  in  water,  of  several  possibilities, 
the  theory  which  is  presently  most  favoured,  and  for  which  there  is  considerable 
experimental  evidence,  as  that  biological  soft  tissues  exhibit  a broad  frequency 
spectrum  of  relaxation  processes.  "Relaxation"  is  the  term  used  to  describe  the 
behaviour  of  >.  mediw  in  which  the  bulk  modulus  has  one  value  for  slow  processes*  and 
another  f r fast  processes.  The  actual  proca.^sea  which  may  be  involved  have  been  the 
subject  of  much  discussion.  The  most  likely  candidates  aeon  to  bo  solvent-solute 
interactions,  and  protein  H-bond  . xs  hanges.  The  effect  of  a single  relaxation  process 
la  to  give  rise  to  excess  .•.bso’-pt ion  across  a band  of  frequency  centred  on  the 
relaxation  frequency.  Acres  this  band  of  frequency,  the  velocity  has  a slightly 
higher  value  at  high  frequencies  than  at  low  frequencies!  this  phenomenon  Is  called 
"dispersion".  Although  a single  relaxation  process  gives  a single  peak  In  absorption 
associated  with  one  particular  frequency.-  it  turns  out  that  the  substantially  linear 
relationship  between  absorption  and  frequency,  which  has  been  observed  experimentally 
in  soft  tissues,  could  be  accounted  for  by  the  existence  of  severer  - perhaps  only 


four  - relaxation  processes  with  appropriate  frequencies. 

The  absorption  mechanism  In  bone  is  certainly  more  complicated  than  that  in  soft 
tissues.  Scattering,  and  conversion  to  shear  waves  of  short  range,  are  likely  to  be 
important  factors.  The  dependence  on  frequency  Is  quadratic  at  frequencies  below  about 
2 MM*,  but  it  is  more  nearly  linear  at  higher  frequencies.  Different  kinds  of  bone 
have  different  properties*  and  tho  behaviour  of  compact  ivory  bone,  for  example,  Is 
relatively  free  from  these  complexities.  The  velocity  in  bone  ie  about  three  times 


faster  than  that  in  soft  tissues,  and  ths  density  Is  up  to  twice  fit  much.  Consequent ly , 
the  characteristic  impedance  of  bono  may  Le  five  nr  nix  tines  greater  than  that  of  soft 
tissues. 

Thu  absorption  in  lung  is  even  greater  than  that  in  bone,  but  the  velocity  is  only 
•bout  h - 1 f that  in  soft  tissues.  The  high  rats  of  absorption  may  be  due  to  the 
re- radiation  of  energy  by  pulsating  gaseous  ntructures  in  the  lung  tiueue.  whilst  the 
low  velocity  is  also  due  to  the  presence  of  gas  (in  which  the  velocity  Is  only  about 
J00  m s~*) . 

Tlie  lor  sic..  ....  occurrence  of  gas  bubbles  within  liquids  or  soft  tissues  may  have 
profound  effects  on  the  neighbouring  ultrasonic  field,  due  to  phenomena  broadly 
classified  at  cavitation  effects.  If  a bubble  already  exists  in  a medium,  it  may  ^ 
set  into  resonant  oscillation  by  the  application  of  an  ultrasonic  fiald  which  has  a 
frequency  appropriately  related  to  the  dimensions  of  the  bubble.  For  an  air-filled 
bunble  in  water  at  atmospheric  pressure, 

fr  rfa  1.3  (8 

where  ff  is  the  resonance  frequency  (in  M«) . and  rb  is  the  bubble  radius  (in  ml.  For 
example,  a bubble  of  SO  ».m  radius  would  resonate  at  a frequency  of  about  f.f,  fcHs . 

Quito  steep  gradients  in  the  ultrasonic  field  can  occur  near  resonating  bobbies. 
These  gradients  can  give  rise  to  streaming,  which  can  exist  in  any  of  several 
according  to  the  ultrasonic  amplitude.  .Similar  gradients  may  also  be  generated  near 
the  tip  of  a needle  s«t  into  longitudinal  vihration  by  an  appropriate  transducer. 
Generally  theso  effects  are  observed  ut  lelativcl/  low  inters itieaj  and  the  behaviour 
of  bubbles  changes  only  ulowly  if  at  ail,  the  phenomenon  being  Known  as  *«tabie* 
cavitation. 

At  high  intensities,  the  negative  pressure  during  the  wave  cycle  may  be  sufficient 
to  disrupt  the  supporting  medium.  Transiont  cavitation  is  the  phenomenon  in  which 
voids  suddenly  grow  and  then  collapse  in  the  supporting  liquid.  The-  ociltpso  of  ths 
cavity  leads  to  strong  pressure  pulses.  or  shock  waves,  in  the  supporting  liquid.  The 
whole  process  occupies  an  Interval  of  less  than  that  of  one  cycle  of  the  wave. 

Cavitation,  either  stable  or  transient,  may  be  suppressed  by  degassing  the  medium 
or  by  increasing  the  external  pressure  applied  to  the  system.  It  is  also  inhibited  by 
increasing  the  viscosity  of  the  supporting  liquid,  and  by  reducing  the  time  duration 
of  the  irradiation. 

Although  much  is  understood  concerning  the  effects  of  cavitation  on  biological 
materials  in  liquids,  either  in  solution  or  in  suspension,  it  is  still  to  some  extent 
a matter  of  speculation  as  to  whether  or  not  stable  cavitation  occurs  in  soft  tissues. 

At  very  high  intenslii  j,  transient  cavitation  certainly  can  occur.  The  question  which 
needs  to  be  answered  •„  whether  or  not  micron-si  ted  bubbles  exist  in  soft  tissues  whicn 
could  be  set  into  stable  cavitation  by  low-intensity,  megaherts-frequency  ultrasound. 

For  further  reading 
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The  tntrt  rtetat  t<  n of  the  Mclogiml  effects  observed  In  tissues  exposed  Vo  KM  Held*  require*  a crssplete 
quantitative  description  t>!  ( hr  field*  within  ilia  tissues,  These  Held*  are  complex  function*  of  the  source 
»•■*•«?  Igur.rt  ion,  ■Haj'e  and  sire  ol  l Hr  egposeV  subject,  and  the  frequency.  The  average  *hd  maglmrtm  absorbed 
i>’»r  Jen*  It v a«v  varv  over  *anv  orders  of  ragnttwd*  for  the  m*w  ippllrd  Held  *nten*ltle-.  Depending  on  con* 
dltlow*,  power  absorption  t»»v  ha  predominant  Iv  of  ilia  surface  tif  the  subject  or  may  be  after. ing  only  super- 
ficial » issues  in  tha  Infarlt'r  of  thr  sub|e«  l af  fact  In*  Jaap  tissue*. 

A.  ilftlhfJHf'TItHt 

tha  total  amount  and  tha  dlstrthut  Ion  -f  I ha  *b»ot bed  electr'SMgnot  it  power  In  Moh«lc.il  tissue  exposer, 
to  electromagnet Ic  Held*  td)  la  a fusctlor.  of  *Mt  factora,  lnrlud‘n«  fha  magnitude  i-f  tha  alactrlc  IUU 
{FI.  magnitude  of  tha  magnetic  Held  IK),  tha  relatlva  atorad  energy  In  tha  MfMIk  and  alactrlc  Helds,  tha 
source  and  tlaaua  c'of  Igutat  Iona,  tha  llss-ie  comport  Hon.  ?r;q"*-nc»,  environmental  factora,  and  others  There- 
‘ora,  tn  general , It  It  Impossible  to  establish  anv  meaningful  ralat  lonshlp*  hat  won  a simple  measurement  nf 
'.ha  estvrnal  f and  K fields  rod  observable  biological  effects  In  a Rub|*rt  egposvd  to  KM  fields.  Ve  could 
expect,  however,  to  establish  a useful  association  hetwaan  tha  measured  Internal  electric  field.,  R, , and  the 
affect  because  of  Its  obvious  relationship  I"  absorbed  power,  W tpef  unit  mas*  Ir  fha  tissues),  Induced  currant 
dcnnltv,  .1,  or  ot  U'V  Identifiable  quantities  that  dlractlv  Interact  with  tha  t las-  •*  Furthermore,  one  would 
expect  that  onev  this  assiu-  (at  Ion  is  established  i vr  a particular  M.  logic  tissue  or  system,  It  could  be 
tolatvd  tmuh  Kora  meaning!  ul  Iv  with  oilier  tissues  or  system*. 

ahsorpt  ion,  diffraction,  and  scattering  rffeil*  of  the  test  animal  or  spec  lawn  In  tha  field  are  consi- 
ders!'!'- different  than  the  sane  effects  pertaining  to  exposure  of  man.  The  greatest  complicating  factors 
result  fron  Interference  patterns  within  the  tissues  which  produce  reglottw  of  iMvnsif  leal  tons  of  absorbed 
power  or  hot  spt.ts  In  regions  of  lew  absorbed  power  within  a given  animal.  These  ahsi.i-bed  power  patterns  will 
vatv  depending  on  the  source,  frequency,  hodv  sire,  geometry,  and  the  enviMwnent  around  the  subject.  The  only 
practical  wav  to  accurately  quantify  biologic  damage  or  therapeutic  benefits  In  terms  of  Incident  power  levels 
Is  to  relate  them  t">  the  Internal  Held  ar  1 absorbed  power  distributions.  Much  of  the  research  pertaining  to 
biological  effects  Is  done  through  animal  experimentation  or  Irradiation  of  biologic  apec Imena  In  vitro.  The 
question  Is,  how  do  we  relate  the  effects  to  the  fields  and  extrapolate  the  results  of  these  to  the  radiation 
effects  In  humans.  In  the  controlled  animal  or  biologic  tissue  we  have  the  c.pt  Ion  to  set  up  any  field  confi- 
guration we  desire,  whether  a radiation  field  or  a near-tone  field  situation,  whore  an  effective  power  density 
level  produces  quantifiable  effect*  of  damage  or  benefits  in  the  animal  or  specimen,  similar  effects  or  damage 
can  occur  tn  the  human  with  the  same  effective  power,  fifth  exposure  of  the  animal  of  specimen,  we  also  have 
scattering,  absorption,  and  internal  reflect  Inn*  that  .re  uniquely  ansnclated  with  the  antmal’a  body  and  ttaaue 
characteristics  or  the  specimen’s  geometry  that  result  in  absorbed  power  densities  different  fron  that  for 
human  exposure. 

The  cost  sensible  approach  is  to  quantity  the  actual  fields,  >r  absorbed  energy  in  the  tissues  or  specimen 
and  relate  this  finding  to  the  biologic  effects,  damage  or  benefits  that  may  occur.  Once  this  information  is 
available,  the  next  task  is  to  determine  what  tncidi  it  power  or  outside  field,  whether  predominant ly  a radi- 
ation, electric  or  magnetic  field,  wi  i I produce  the  satse  effect  in  man . Tit  a essentials  to  know,  then,  are  what 
level  of  power  per  unit  volume  or  mass  absorbed  hv  the  tissue  in  an  animal  or  specimen  under  Irradiation  will 
yield  an  effect,  damage,  or  benefit,  am!  what  level  of  power  or  field  as  measured  by  a survey  meter  will  pto- 
duce  the  same  absorbed  power  tn  human  tissues,  Thecv  questions  can  be  answered  only  through  the  application 
and  development  of  porper  measurement  techniques.  Only  then  will  a dear  undsratanding  Ha  determined  of  how  KM 
fields  Interact  with  the  tissue,  whether  on  a microscopic  ot  macroscopic  scale,  or  on  the  entire  body  structure 
or  whether  an  observable  effect  is  thermal  or  non-thermal  in  origin  or  la  merely  an  atiifact  to  tha  nature  of 
the  experimental  approach.  gv  taking  proper  account  of  body  xise  of  the  experiments!  animal,  along  with 
accurate  In  vivo  doalnetry.  the  results  From  an  investigator  using  rats  can  be  related  to  those  from  another 
study  on  cats,  aotkeva,  dogs,  frog*,  or  tissue  sample  in  a tern  tube. 

» . PVTUCmiC  Fm>PF.gTIES  AND  tM  WAVE  PHOPAhATlOS  THgOlHH  gfOUMlICAt  TISSIT.S 

Some  of  the  basic  characteristics  of  P!  lleld  interaction  with  biological  materials  can  be  clisractorined 
by  the  wave  parameters  tabulnted  in  Tables  I and  11.  The  first  column  lists  selected  frequencies  between 
1 M>ie  and  10  uHa,  Frequencies  of  21.12,  4Q.t>8,  *li,  115,  2A50  and  SSO'.s  Mils  are  significant  since  they  ore 
used  for  Imiostrl*  l , scientific,  ami  medical  heating  processes.  The  frequencies  of  i 7.1?,  4TJ,  915  end 
2450  HH*  are  used  for  diathermy  purposes.  The  second  column  tabulates  the  corresponding  wavelength  * in 
air,  and  the  rcKsitiiug  columns  pertain  to  the  wave  properties  of  a particular  tissue  group.  Table  I gives 
data  for  muscle,  skin  or  tissues  of  high  water  content,  while  Table  II  is  ior  fat,  bone  and  tissues  of  low 
water  content,  other  tissues  containing  intermediate  .amounts  of  water  such  as  brain,  lung,  bone  'yarrow,  etc., 
will  have  properties  that  He  between  the  tahu'.aied  values  for  the  two  listed  groups.  The  tables  list  Che 
dielectric  properties,  the  depth  of  penettatlon,  and  the  reflection  character  1st  tea  of  various  tias-.ica  exposed 
to  CM  waves  »u  a function  of  frequency. 

The  dielectric  Hrhiivtnr  of  the  two  groups  of  biological  tissues  tabulated  In  Table  1 ami  IT  has  been 
evaluated  »o«t  thoroughly  bv  schwan  and  hi*  associates  £l]*!T)  and  bv  other  researchers  including  Cook  1*1- 
1 fi } and  Cole  (?].  The  interaction  of  TJt  wave  Helds  with  biological  tissues  is  related  to  these  dielectric 
characteristic*.  Tire  tissues  are  composed  of  cell*  encapsulated  by  thin  Demluanes  containing  an  intracellular 
fluid  eoapused  of  various  salt  tons,  polar  protein  molecules,  and  polar  water  molecules.  The  extracellular 
iiuic!  has  similar  ions  and  polar  molecules,  though  some  of  the  elements  are  different. 


*: 

Th*  idUti  »i  rlHiriMiiMtlc  field*  on  the  lliMMU  produces  two  typo*  of  affect*  that  control  ttw 
ilrtfcirli-  behavior.  one  I*  th*  oa<  illation  nf  th*  fro#  charge*  or  toon,  and  th*  other  th#  rotation  of 
dipole  anktriUi  at  th*  fttfiMiri  of  i It*  applied  electromagnet It  energy.  TH*  flrat  |lm  riao  to  tondoe* 
tton  current*  with  an  aeaoclated  energy  too*  do*  tn  electrical  roalntanc*  of  th*  medium,  and  th*  oth*i 
aftert*  the  displacement  current  through  th*  **d Ion  with  an  aaeoclated  dielectric  loea  do*  to  elacoalty. 
These  effect*  control  the  heheelor  of  the  conplea  dielectric  constant  t *ft  • ohero  <a  la  the 

permittivity  of  free  apace,  t t*  the  complex  permittivity,  t*  1*  th*  dielectric  constant,  and  t"  tc  th* 
to**  factor  of  th*  .odium.  '.'he  effective  conductivity  o (due  to  both  conduction  current*  and  dielectric 
losses)  of  the  medio  > I*  reletev  to  t"  by  >"  - o /.*»„  and  th*  ton*  tangent  t*  given  by  ten  1 « tM/t’  * 
v'.v’t  . The  quantity  i*  oltt  he  dispersive  due  to  the  various  relaxation  processes  aanoclntod  with  pclar- 
I ration  phenomena.  The*e  are  Indicated  hv  th*  dloloctrlc  prcpertl**  glv*n  In  Teblaa  1 and  II.  Th*  decraana 
tn  dleto.trlo  . .m*tant  tg  and  increase  In  conduct t vtty  a.  for  tissue*  of  high  water  content  with  Increasing 
treaueo.y  i*  Joe  to  inte^faclai  polarisation  aero**  tit*  cell  stembrane*.  The  call  membratt**,  with  a capacity 
of  approRtCMtelv  1 ef/cm*,  act  a*  initiating  layer*  at  low  frequencies  ■«  that  currants  flew  only  In  th* 
extracellular  medium,  account  Inc.  t>r  the  low  conductivity  nf  the  tlaauaa.  At  iMfflctantly  lew  frequencies, 
the  charging  tlae  on«t ant  I*  wull  enough  to  completely  rhacg*  and  discharge  th*  aeobran*  during  • tingle 
cede,  r vault  tag  In  a high  tla«ue  rapa-.li.tnce  and  therefore  n high  dielectric  constant.  Whan  frequency  1* 
Inc  rented,  the  capactttv*  reactance  of  the  cell  dvcreaava.  resulting  In  Inc renting  current*  tn  th*  intra- 
cellular n*d I un  with  a knotting  Increase  tn  total  conductivity  nf  th*  tlesuu.  Th*  inert***  In  frequency 
will  also  prevent  the  cell  vail*  Iro*  hooding  totally  charged  during  • couplet*  cycle,  retelling  In  a 
decrease  ol  eg.  At  a frequency  of  appro*  In  • t ely  100  *H*  and  show,  th*  cell  aeMbran*  capacitive  reactance 
hecewke*  suit  ic  tent  Iv  low  that  the  cell*  c<v\  .■*  abused  to  he  short -circuited,  in  the  frequency  range  of 
liK)  qit  to  i ..Mr,  the  ton  content  of  the  electrolyte  nedtu*  ha*  no  effect  on  tint  dispersion  of  th*  dielec- 
tric constant  so  the  value*  of  tg  and  «g  ate  relatively  independent  uf  frequency,  Schwan  |ll,|l|  haa 
suggest ci , however,  that  suspended  protein  molecules  with  a lower  value  of  dielectric  constant  act  aa 
"dielectric  cavities"  In  the  electrolyte,  thereby  lowering  the  dielectric  constant  of  th#  tissue.  He 
attributes  the  slight  di*pcr*t.>n  of  iq  to  the  variation  nl  ihe  effective  dielectric,  constant  of  th*  protein 
'r..'l«‘Ct.|i>*  with  frequency.  The  final  decline  of  , M and  I nervate  ot  0g  at  frequencies  above  1 RHt  can  bs 
attributed  to  the  polar  properties  of  water  molecules  which  have  a relaxation  frequency  near  11  CHt. 

The  dielectric  behavior  ot  tissue*  with  low  water  content  la  quantitatively  atelier  to  tiaaue*  with 
high  water  content,  hut  th*  values  of  d'electrtv  constant  t|  and  conductivity  Op  are  an  order  uf  <aa yn i t ud c 
lower  and  ak e not  quant 1 1 at ivel v understood  aa  wull.  This  la  due  to  the  fact  that  the  ratio  of  free  to 
various  types  of  hound  vat<>  I*  not  known.  There  la  also  c large  variation  In  tlaauaa  of  low  water  content, 
since  water  has  .«  high  dielectric  constant  and  conductivity  coshered  to  fat,  the  n*t  tiaaue  dielectric  con- 
stant and  conductivity  will  change  significantly  with  aekall  changaa  in  water  content.. 

the  values  of  and  • will  also  vary  with  temperature  tn  the  microwave  region,  where  diaper* ion  le 
seal),  t hi  variation  is  given  hv  A'  _ and  A*  % 0 • The  dielectric  properties  of  the  tissues 

n i 

play  an  important  part  in  deterwlnln*  the  reflected  *nd  transacted  power  at  interface  between  different 
I issue  media.  They  also  determine  the  Mount  of  total  power  a given  biological  apeciamn  will  absorb  when 
placed  in  an  electromagnetic  field. 


Plane  wave  propagation  characteristics  In  plan*  layered  biological  tlaauea  may  b*  aaaelnad  to  allow  how 
radiation  is  absorbed  when  the  radius  of  .u.vature  of  th*  tiaaue  surface  is  large  coopered  to  a wavelength. 
The  propagation  constant  kgti,  for  power  t ranaolsaton  through  biological  tissues  can  b*  written  in  Ceram  if 
the  complex  dielectric  constants  iJJ  L and  free  apace  propagation  constant  ko  in  th*  standard  fora, 
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where  the  wavelengths  lH  ■ » J^/tig,!.  era  uigntf teantly  reduced  tn  th*  tiaaue*  due  to  tho  high  dielectric 
constants.  Tables  1 and 'll  indicate  that  th#  factor*  ot  reduction  era  quit*  large,  between  (.5  and  I,), 
for  tissue*  of  high  water  content,  and  between  2 and  2.S  for  tissues  with  low  water  content.  In  addition 
to  th*  largo  reduction  tn  wavelength,  there  will  he  a large  absorption  of  energy  In  th*  tissue  which  can 
result  In  heating.  The  absorbed  power  density  Wgj  resulting  (ran  i>oth  ionic  conduction  end  vibration  of 
dipole  molecule*  in  the  limufs  is  given  hy 
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where  E la  the  magnitude  of  th*  electric  field.  On*  may  not*  from  th#  conductivities  listed  In  Tablet  I 
and  11  that  absorption  in  tissue  of  higher  water  content  may  be  as  high  aa  60  times  greater  than  In  that  of 
low  water  content  for  the  same  electric  fields.  Th*  absorption  of  microwave  power  will  result  In  a pro- 
gressive reduction  cf  wave  power  density  aa  th*  waves  penetrate  into  the  tissue*.  W*  can  quantify  this  by 
defining  a depth  uf  penetration  d * l/u,  or  a distance  that  the  propagating  wav*  will  travel  before  th* 
power  density  decrease*  by  a factor  of  #'*,  We  can  sea  from  Tables  ! and  If  that  the  depth  of  penetration 
for  tissue':  of  lew  water  content  is  aa  much  aa  10  times  greater  than  the  same  parameter  for  tissues  of  high 
water  c.\  •••rr . 


Since  each  tissue  in  a complex  biological  -stem  such  *i a man  has  different  complex  permittivity,  there 
uili  In  general  be  reflection*  of  energy  between  th*  various  tiaaue  Interfaces  during  exposure  to  microwaves. 
The  complex  reflection  coefficient  due  tn  a wave  transmitted  from  a medium  of  complex  permittivity  Cj*  to  a 
medium  of  permittivity  ij*  and  thickness  greater  than  a depth  of  penetration  ia  given  by 
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(3) 


The  values  r and  1 for  va» loua  interfaces  ara  tabulated  In  Table*  I and  II.  Mot*  th*  large  reflection 
coefficient  for  an  alr-auacle  or  a fat-muscle  Interface.  Whan  a wav*  in  a tiaaue  of  low  water  contest  la 
Incident  on  an  interface  with  a tiaaue  of  high  water  content  of  aufflctant  thlckneaa  (greater  than  the  depth 
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of  rtMtMilM)!  th*  rifU(t»]  hm  I*  nearly  1*0*  out  of  fkm  with  the  ImMhI  wav#,  tharaby  producing 
• at  and  tut  mom  with  on  Intensity  alnlM  near  th#  Interface,  If  th*  «m  to  propagating  »«  « tloooo  of 
hl|h  MUt  (Mltat  and  I*  IikMmi  im  • tissue  of  tow  Motor  content,  th#  amplitude  of  th#  reflected  tao* 
portent  to  In  phase  with  th#  InrlfMl  movo,  tharaly  producing  o Hooding  moo*  with  on  Intensity  omImo  o*uv 
th*  Interface.  If  there  or*  several  torero  of  different  tlaau*  media  with  thUlmtira  looo  th*  th*  depth 
of  penetration  for  oath  medium,  « he  reflected  energy  and  standing  Move  Hturn  ore  Influenced  by  th#  thick* 
nee*  of  each  layer  and  th*  rorloua  Move  impedances.  The**  effect*  any  be  obtained  fro*  th*  atondord  trana- 
olaalon  line  equations.  Th*  dlotrlbutton  of  electric  field  atrnngth  R In  a (teen  layer  la 
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eh* re  t,  la  th*  magnitude  of  the  field  and  c 1*  th*  reflection  coefficient, 
abaorboo  \ ower  denaltv  In  the  tlaau*  layer,  ee  obtain 
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Schwas  III, 1*1  haa  nod*  extensive  calculation*  of  than*  absorption  dlatrlbutlon*  In  earlou*  tlaau**, 
Tyyltal  dlatrlbutlon*  ar*  ilww  In  Mg,  1 for  a May*  tranaailtted  through  a aubcuianeou*  fat  nadtun  into  a 
muscle  nedtuo.  Th*  ehaorptlot:  la  normalised  to  unttv  In  th*  Muacl*  at  th*  fat-muicl#  Interface.  Th*  relative 
absorption  curve*  shown  remsti  unchanged  for  analler  fat  thlrkneaaea.  Th*  sever#  dlacontlnulty  between  the 
absorbed  rower  In  the  auiclt  end  that  in  the  fat  la  quite  apparent.  Atao,  It  can  be  aaen  that  th*  » tending 
wav*  peak*  bavoat  larger  In  th*  tat  and  the  wave  genet  rat  i-m  into  th*  auacle  bee  oner,  leaa  with  Increasing 
frequency.  Vhi*  lllutrates  clearly  th*  desirability  for  using  frequencies  lower  titan  the  90)0  Ma  allocation 
for  diathermy.  Subcutaneous  fat  auiy  vary  f r>*  laaa  than  a cent  lay  ter  In  thickness  to  a*  ouch  au  9,5  cm  for 
different  Individual*.  Deep  heating  for  diathermy  require*  th#  transmission  of  energy  through  thla  eukcu- 
tunuoun  f«t  layer  to  th*  amacle  layer,  ratlae*  reaulta  ar*  attained  with  naxlantat  heating  In  th*  auacle. 
the  absolute  value*  of  abaorbed  power  density  1 t the  tie. no  layer*  ar*  uepenlent  on  Incident  (tower  denatty, 
akin  thickneae,  and  fat  thickness. 


Pig.  2 llluatratas  the  abaorbed  power  denatty  at  the  nutcle  Interface  and  the  peak  absorbed  power  j 
denaltv  In  a akin  layer  J am  thick  a*  a function  of  fat  thlckneaa  for  an  incident  power  density  ot  1 nM/cm  , 
Theae  value*  My  be  ueed  to  determine  tha  abaorbed  power  at  other  locatlono  In  th*  auacle  and  fat  by  relating 
then  to  the  curve*  In  fig.  1.  The  peak  absorbed  power  density  la  alway*  **xl*M*  In  th*  akin  layer  for  th* 
plan*  layered  modvl.  Thla  la  significant  atne#  th#  thermal  receptor*  of  the  nervous  eyatea  ar*  located  ther* 
and  will  Indicate  pain  when  the  incident  power  density  reach**  level*  that  could  thermally  damage  the  tlaau*. 
With  surface  cooling  of  th*  akin,  however,  by  natural  environmental  condition*  or  by  controlled  clinical 
procedure*,  th*  teaperature  Increases  may  bo  higher  In  the  fat  or  muscle,  Th*  peak  absorption  In  th*  varlou* 
tlatuea  may  vary  over  a wld#  rang*  with  fat  thlckneaa  and  frequency.  It  la  apparent  that  frequenciaa  below 
91#  IWi  can  penetrate  more  deeply  Into  th*  tlaau*.  Th#  tatpl Icat ion*  of  thla  In  term*  of  both  radiation 
haaard*  and  therapeutic  application*  ar*  apparent.  Th*  first  two  figure*  clearly  indicate  th*  advantage* 
of  lower  frequencies  for  dlatherny.  Including  l)  Increased  penetration  Into  th*  auacle  tissue,  9)  lea* 
sever*  standing  waves  and  reaultlng  "hot  spots"  In  tha  fat,  and  1)  batter  control  and  knowledge  of  th* 
absorbed  energy  for  a given  incident  power  for  a large  variation  of  fat  thickness**  between  different  pal  'Atm 


There  la  a practical  lowar  Halt,  howwver,  on  th*  frequency  that  can  be  used.  As  tha  frequency  la 
decreased,  th*  appllcatot  needed  becomes  Increasingly  large  until  it  la  no  longer  possible  to  obtain  deslrtd 
selective  boating  patterns.  If  th*  applicator  1*  not  Increased  In  ala*  aa  frequency  1*  lowered,  only  super- 
ficial hasting  will  result.  Thla  has  been  discussed  In  detail  by  Guy  and  Lehmann  1 101  and  Guy  (11). 


A problem  of  tntereet  In  diathermy  ia  th*  determination  of  how  effective  microwave*  ar*  In  heating  a 
layer  of  Lon*  beneath  a layer  of  subcutaneous  fat  and  auscl*.  Fig.  3 llluatratas  beating  patterns  for  this 
caa*  using  diathermy  frequencies  of  9150  Mi  and  91#  Mt  for  a 2 ca  thick  bon*.  Th*  result*  clearly  show 
that  th*  absorption  In  th#  bon*  la  vary  poor  due  to  both  a severe  reflection  and  a low  alactrleal  conduc- 
tivity. Since  a standing  wav*  peak  at  91#  Mi  occur*  in  the  auacle  near  th*  bon*  surface,  we  would  expect 
significant  bone  heating  due  to  thermal  conduction  from  th*  muscle. 


C.  THERMAL  C0KS1 DERAT i OHS 


The  energy  equation  for  th*  time  rat*  cf  change  of  temperature  (*C/sec)  par  unit  volume  of  subcutaneous 
tlaaua  In  a subject  exposed  to  SI  fields  Is 


mi  . 0JMJU0-.1  (w  +w 

dt  c 1 a a c 


V 


(b) 


where  V.  la  th*  absorbed  power  denatty,  tig  la  th*  metabolic  heating  rata,  Wc  la  th*  heat  loss  due  to  thonaal 
conduction,  Wfe  1*  th*  power  dissipated  by  blood  flow,  all  oxprasaad  in  W/kg,  c I*  th*  thermal  conductivity 
expressed  tn  kcal/kg-'C,  and  AT  • T-T0  la  tor  difference  between  tlaaua  temperature  T and  th*  Initial  temp- 
erature Tn.  The  absorbed  power  density  for  tlaaua  exposed  to  an  Ol  fil’d  is 

- Iff3  a j E|  */p  17) 

whir*  a la  the  electrical  conductivity  In  mhos/mattr,  o Is  th*  tlaau*  dtnalty  in  g/em*,  and  E la  tha  rms 
value  of  tha  electric  field  (V/m)  tn  th*  tissue.  If  it  la  aaaumad  that  blood  enters  th*  tissue  at  arterial 
temperature  Ta  and  laavaa  at  tlaau*  taaparatura  T,  we  may  axprasa  blood  cooling  by  Wg  • kjm  cg/p^AT1  wbaro 
AT*  • T - Ta.Cfe  it  th*  specific  heat  of  blood,  la  tha  density  of  blood,  m is  tha  blood  flow  rat*  in 
*1/100  g*m,  and  th*  constant  kj  * 0.698.  Prior  to  th*  time  th*  tlaau*  la  exposed  to  fields,  it  la  aaaumad 
that  a steady  state  rendition  axlatn  where  Wa  • d(ATj/dt  ■ 0 requiring  W,  • Wp  ♦ W^.  According  tn  the  typical 
values  of  th*  physical  and  thermal  proparti**  of  tissues  given  In  Table  III,  under  norma)  conditions  tha  meta- 
bolic rate  U*  average*  1.)  W/kg  for  the  total  body,  11  W/kg  for  brain  tissue,  and  3)  W/kg  for  heart  tissue. 
According  to  tha  energy  aquation,  wa  would  expect  to  aa*  some  change  in  tlaau*  temperature  du*  to  applied 
CM  field*  If  the  power  absorption  density  Wa  were  of  th*  same  order  of  magnitude  a*  W,,  or  more.  In  fact, 
the  safety  guides  in  tha  United  States  that  allow  a maximum  human  exposure  level  of  10  mW/cm*  of  incident 
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power  are  partially  baaed  on  limiting  the  average  W„  to  the  average  resting  value  of  %.  Thus,  absorbed 
power  densities  Wa  >>  W,,  could  be  expected  to  produce  marked  thermal  effects,  whereas,  power  densities 

Wa  « Wa  would  not  be  expected  to  produce  any  significant  thermal  effects. 

D.  RELATIONS  BETWEEN  PUNE  WAVE  FIELDS  AND  ABSORBED  POWER  DENSITY  IN  EXPOSED  BIOLOGICAL  OBJECTS 

We  have  already  discussed  a case  in  the  previous  section  for  the  absorbed  power  distributions  in  planar 
layered  tissues  exposed  to  plane  wave  fields.  Considerable  insight  can  be  gained  into  the  relationship 
between  frequency,  body  size,  and  absorbed  po.-  r by  considering  spherical  tissue  layers  exposed  to  a plane 
wave.  Fig.  4 illustrates  the  relative  absorbed  power  density  patterns  for  various  spherical  tissue  geome- 
tries exposed  to  a 1 mW/cm2  plane  wave  source.  The  origin  of  the  rectangular  coordinate  system  in  the 

figures  is  located  at  the  center  of  the  sphere  with  wave  propagation  along  the  e axis  and  the  E field 

polarized  along  Che  x axis.  The  maximum  absorption  and  the  average  absorption  density  are  tabulated  on 
each  plot.  When  the  diameter  of  the  exposed  object  is  of  the  order  of  one  wavelength  as  measured  In  the 
tissue,  severe  internal  wave  interference  produces  sharp  maxima  and  minima  in  the  power  absorption  patterns, 
as  shown  in  Fig.  4-a,  for  a sphere  representing  a human  head  exposed  to  918  MHz  radiation.  The  spherical 
model  is  composed  of  an  inner  core  consisting  of  brain  tissue  surrounded  by  a layer  of  bone  and  skin.  When 
the  object  is  large  compared  with  a wavelength,  as  measured  in  the  tissue,  the  maximum  absorption  occurs  at 
the  exposed  surface,  decaying  nearly  exponentially  with  depth,  as  shown  in  Fig.  4-b  for  a homogeneous  muscle 

sphere  with  the  same  mass  as  a 70  kg  man  exposed  to  918  MHz  radiation.  When  the  exposed  subject  Is  very 

small  compared  with  a wavelength,  but  of  a mass  approximating  that  of  man,  the  power  absorption  density 
varies  nearly  as  the  square  of  distance  from  the  y axis  (direction  of  magnetic  field  vector),  as  shown  in 
Fig.  4-c.  On  the  other  hand,  if  the  object  is  very  small  compared  with  a wavelength,  but  with  a mass  very 
small  compared  to  that  of  man,  the  power  absorption  density  Is  uniform  along  the  y axis  but  Increases  with 
distance  to'  ’rd  the  exposed  surface  and  decreases  with  distance  toward  “he  opposite  surface,  as  shown  in 
Fig.  4-d'.  ...e  latter  two  absorption  patterns  for  objects  small  compared  with  a wavelength  can  be  explained 

from  simple  quasl-stacic  field  theory  112], 

The  electric  field  component  of  the  incident  plane  wave  couples  to  the  object  in  the  same  manner  as  a 

static  electric  field  giving  rise  to  a constant  internal  electric  field  which  is  3/e*  times  smaller,  and  in 

the  same  direction  as  the  applied  field,  where  e*  >>  1 is  the  dielectric  constant  of  the  tissue.  Superim- 
posed on  the  constant  Internal  electric  field  Is  another  magnetically  induced  electric  field  component 
encircling  the  y axis,  as  shown  in  Fig.  5.  The  magnitude  of  the  latter  field,  which  varies  directly  with 
radial  distance  r from  the  axis,  and  directly  with  frequency  f,  is  given  by  E « nfrpH,  where  H is  the  magnetic 
field.  The  H-lnduced  E field  component  in  a sphere  with  the  same  mass  as  man  is  much  greater  than  the  E-lnduced 
component,  whereas,  for  a small  jbject  with  the  mass  of  a small  rodent,  both  components  are  significant.  The 
variation  of  the  maximum  and  average  power  absorption  density  with  frequency  for  an  exposed  homogeneous 
muscle  sphere  with  the  same  volume  is  shown  in  Fig.  6.  Also  shown  in  the  figure  is  the  average  power  absorp- 
tion density  per  unit  total  surface  area  of  the  sphere.  In  the  frequency  range  from  1 MHz  to  20  MHz,  the 
absorption  characterized  by  the  pattern  in  Fig.  4-c  varies  as  the  square  of  the  frequency.  This  is  due 
primarily  to  ^iie  magnetically  induced  fields. 

The  maximum  power  absorption  density  induced  by  the  incident  H field  is  denoted  by  the  curve  marked  with 
crosses,  and  that  due  to  the  incident  E field  is  denoted  by  the  curve  with  zeros  In  “he  range  where  the  quasi- 
static  coupling  approximations  apply.  Note  that  in  this  range,  the  maximum  power  absorption  density  is  only 
10-^  to  10-2  W/kg  per  mW/cm2  of  incident  power.  In  the  frequency  range  100  to  1000  Ml  z.  Internal  reflections 
are  significant  for  the  man-size  sphere  and  the  average  absorption  attains  a maximum  of  2 x 10-2  W/kg  per 
mW/cra2  of  incident  power  at  200  MHz,  which  remains  relatively  constant  with  frequency  up  to  10  GHz.  The 
maximum  absorption  density  Increases  with  frequency  above  1000  MHz,  approaching  that  produced  by  non- 
penetrating radiation.  The  dashed  lines  illustrate  roughly  the  frequency  dependence  of  the  total  or  average 
absorbed  power  and  how  safety  standards  might  be  relaxed  as  a function  of  frequency  If  the  absorption  char- 
acteristics in  man  were  the  same  as  for  the  sphere.  The  wide  variation  of  absorption  characteristics  with 
body  vize  is  illustrated  in  Fig.  7 for  a sphere  consisting  of  an  inner  muscle  core  surrounded  by  concentric 
layers  of  subcutaneous  fat  and  skin  exposed  to  2450  MHz  plane  wave  1 mW/cm2  radiation.  The  total  radius, 
fat  thickness  and  sk.n  thickness  are  noted  on  the  figure.  It  is  significant  to  note  that  based  on  the 
spherical  models,  ‘.he  peak  power  absorption  could  be  as  high  as  4.2  W/kg  in  the  body  or  head  of  a small  bird 
or  animal  but  as  low  as  0.27  W/kg  at  the  surface,  and  0.05  W/kg  2.5  cm  deep  in  the  human  body  exposed  to  a 
1 mW/cm2,  918  MHz  source  (Fig.  4-b).  Thus,  10  mW/cm2  could  be  of  extreme  and  0.5  mW/cm2  could  he  of  mild 
thermal  significance  to  the  smaller  animal  in  comparison  with  metabolic  rate.  For  the  human  model,  on  the 
other  hand,  10  mW/cm?  would  appear  to  be  of  mild  thermal  significance  and  0.5  mW/cm2  would  have  negligible 
thermal  significance. 

Power  absorption  density  patterns  may  also  be  calculated  for  other  simple  tissue  geometries'  represent- 
ing portions  of  the  anatomy.  We  can  roughly  approximate  human  limbs  by  concentric  cylindrical  layers  of  bone, 
muscle,  fat,  and  skin  and  express  the  fields  in  each  layer  by  an  infinite  series  of  Bessel  functions  of  the 
first  and  second  kind  as  discussed  by  Stratton  [13],  pp.  349-374].  For  example,  the  electric  field  parallel 
to  the  z axis  of  the  cylinder  is  expressed  as 

Ez  - * fVn(kr)  + Vn(kr)JeJn9  <8> 

n-u 

where  k is  the  wave  number  in  the  medium  and  the  coefficients  A„  and  B„  are  obtained  by  expanding  the  plane 
wave  source  expression  into  a series  of  Bessel  functions  end  applying  boundary  conditions.  Similar  equations 
may  be  written  for  the  wave  polarized  with  the  magnetic  field  parallel  to  the  z axis.  Ho,  et  el.,  [14]  have 
evaluated  the  equations  and  determined  the  fields  and  absorbed  power  densities  for  cylinders  corresponding 
to  human  arms  and  )ega  exposed  to  pl-ne  waves.  The  results  Illustrated,  along  with  meaeurad  values  in 
Figs.  12,  IS  and  l.  in  "Engineering  Considerations  and  Measurements"  of  this  series,  show  the  asms  increase 
in  muscle-to-fnt  absorbed  power  density  with  decreasing  frequency  as  observed  for  exposed  planar  models. 

The  results  show  an  even  greeter  depth  of  energy  penetration  into  the  cylindrical  muscle  model  than  for 
the  semi-infinite  model  dlacuased  previously. 
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k.  flBifcjagss  rtMLp  coam»)  to  fftauss  urn  uufsoips 

It  <*a«  illustrated  In  Section  O that  the  induced  alectrie  field*  In  a spherical  tlaaue  model  exposed  to 
a plane  wave  consists  of  th*  superposition  of  two  component*  which  may  ha  exprmmed  fey 

• Z^e”^6!—^  i - j^y  {cos  « ( • cot  6 sin  ♦ ji)]  (9) 

share  w is  the  angular  frequency,  t*  « e-j— is  tha  complex  dielectric  constant,  tQ  le  the  permittivity 

of  space,  k la  tha  free  space  propagation  constant,  ft, 6, 4 are  tha  coordinates  of  a spherical  coordinate 
eyseaa,  and  a tha  usual  rectangular  coordinate',  all  with  an  origin  at  the  center  of  the  sphere.  The  hate 
over  the  coordinates  represent  tha  usual  unit  '.’actors,  and  Bq  is  the  electric  field  strength  of  an  Incident 
plane  wave. 


The  field  la  a siapla  superposition  of  two  field  components,  tha  first  induced  by  the  electric  field 
independent  of  the  aagnetic  field  component,  and  the  second  fern  induced  by  the  negnetic  field  independent 
of  the  electric  field  component.  The  first  tarn  corresponds  to  an  electric  field  distributed  uniformly 
throughout  the.  volume,  while  the  second  la  a circular  electric  field  pattern  about  tha  y axis  of  cha  sphere 
which  varies  linearly  in  amplitude  with  tha  radial  distance  from  the  axis.  For  a tissue  sphere  equivalent 
in  volume  to  that  of  turn  exposed  to  plana  wavs  fields,  the  magnetically  Induced  term  is  usually  an  order  of 
magnitude  greater  than  tha  electrically  induced  term.  Taken  separately,  an  electric  field  will  produce 
uniform  power  absorption  density  and  the  magnetic  field  would  produce  a power  absorption  density  pattern 
varying  with  the  square  of  the  radial  distance  from  the  sphere  axle  parallel  to  the  magnetic  field. 


Similar  type  equations  nay  be  derived  for  dielectric  ellipsoids  exposed  to  quasi-etetlc  electromagnetic 
fields  (email  compered  to  a wavelength  in  ellipsoid  and  surrounding  medium).  The  electric  field,  E*,  coupled 
to  e dielectric  ellipsoid  due  to  an  applied  unit  field  la  given  by  Weber  |1S)  as 

* 

,-l 


E.  - [1  + A - l)(u  2-l)(u .coth"V -l)f 
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(10) 


for  an  applied  field  parallel  to  the  major  axle  end 
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for  a field  perpendicular  to  the  major  axis  where 
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uo  • coah[tanh  a/bj 


(12) 


and  a ■ the  major  seal-axis,  b » the  minor  eaml-axla  of  the  ellipsoid,  c0  - the  complex  dielectric  constant 
of  tha  medium,  and  cj  la  tha  complex  dielectric  of  the  ellipsoid.  One  may  note  that  tha  internal  field  le 
uniform  as  for  the  case  of  the  ephere  end  Ej  1 the  value  of  the  outside  field  for  the  first  case,  and 


i “I 

E.  -*  2 ( — jf  + 1)  for  the  second  case  when  b/a  ■*  0.  Thus,  for  tha  caaa  where  the  electric  field  la  parallel 


to  an  elliptical  tlaaue  geometry  with  email  values  of  b/a,  tha  alactrlc  field  coupling  can  bacome  very  large. 
Fig.  8 illustrates  Absorbed  power  due  to  an  electric  field  coupling  as  a function  of  I/a,  frequancy,  and 
polarisation  for  el‘  soldi  connoted  of  nuscle-typa  dielectric  exposed  to  a 1 mW/ca?  radiation  field 
(to  - 61.4  V/n).  For  b/a  < 10”1  the  absorption  increases  two  orders  of  magnitude  or  greater  over  that  due 
to  the  electric  field  coupling  to  a aphara  (b/a  » 1). 


It  ia  Important  tc  note  that  avan  though  the  uniform  inner  field  approaches  the  applied  field  whan 
b/a  -e  0 (simulating  e thin  rod)  that  continuity  of  tha  normal  displacement  currant  requires  that  at  the 
poles  of  tha  ellipsoid  local  field  strength  of 

* * 

E ■ !i  I,  + fi  E (13) 

n ~7»  1 ~go 


will  exlot.  Thus,  we  would  expect  strong  concentration  of  electric  field  strength  to  exist  on  high  dielt  trie 
coiatant  or  highly  conducting  objects  such  as  wires,  electrodes,  or  sharp  objects  Implanted  in  tissue.  This 
will  bo  discussed  in  Section  F of  this  aarlea. 


Tha  power  absorption  charactaristlcs  due  to  combined  electric  and  magnetic  fields  were  obtained  by 
Durney,  «t  al.,  116]  for  ellipsoids.  When  the  electric  field  is  parallel  to  the  major  axis  of  tha  ellipsoid, 
and  the  magnetic  field  is  parallel  to  the  minor  axle,  the  induced  internal  field  for  an  incident  plana  wave 
with  a unit  electric  field  is 


where 


I ■ »e  il-jo/uej-1  -Jk[uj0  yi/(2uX0  - 1)  + (1  - uj0)  a£/(2uj0  - 1)] 
Be  " 1 4,  - il'1  [(ul0/2)lnf(u10  + l)/(u10  -1)J  -I]-1 


u10  - e//a*  - b* 
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(14) 


(13) 


(16) 


and  the  (x,y,z)  coordinate  system  is  centered  in  the  ellipsoid  with  tha  i axis  along  tha  major  axis  and 
tha  x axis  along  a minor  axis,  and  again,  as  for  tha  spherical  caae,  the  total  field  la  a combination  of  a 


i.iyrii  itpirayyF.W-Vs^WbV-  »Z*mz»JZ* 


untfor*  field  Induced  by  the  electric  field  (first  term  of  Eq.  14)  end  e circulating  eddy  currant  field 
induced  by  the  magnetic  field  (the  second  tern  of  the  equation),  far  this  case,  however,  the  uniform  elec- 
tric field  induced  component  is  much  larger  with  Increased  axial  ratio  b/e. 

r.  FIELD  COmiHC  FROM  FINITE  SOURCES 

1.  Aperture  Sources 

tf  other  than  a plane  wave  source  la  used  to  expose  biological  tissues,  the  absorbed  power  density 
patterns  are  sleo  very  dependent  on  source  site  and  distribution.  Many  applications  of  microwave  power  in 
medicine  and  studies  on  the  biological  effects  of  alcrowave  power  require  an  understanding  of  the  absorbed 
power  patterns  due  to  tissues  exposed  to  aperture  and  waveguide  sources.  Guy  111)  has  analyzed  the  case 
where  a bllayered  fat  and  nuncio  tissue  layer  la  exposed  to  a direct  contact  aperture  source  of  width  a and 
height  b.  A fat  tissue  layer  of  thickness  zj  and  dielectric  constant  s«  in  contact  with  a seal-infinite 
auacle  layer  with  a dielectric  constant  le  assuaed.  The  origin  of  the  coordinate  eym*-**  is  located  at 

the  cancer  and  in  the  plane  of  the  aperture  with  the  x axle  parallel  to  height  b and  the  z axis  in  the 
direction  of  propagation  into  the  tissue.  The  electric  fields  £f(UI  in  the  fat  and  auacle  tissue  aay  be 
expressed  an  Fourier  integrals  — 

' E,  _(*.y,z)  - — “T  / ” T (u,v,z)*J(ujr+vy)dudv  (17) 

— •*  (2v)* 

where  TjiB1  are  tha  Fourier  transforms  of  the  electric  fields  at  the  fat  and  muscle  boundaries,  derived  from 
the  boundary  conditions  it  i * 0 and  z " z^  in  term*  of  the  Fourier  transform  of  the  aperture 

T#(u,v)  • /_“  /_*  i X El.(x,y,0)e~^ux+vy)dxdy  (18) 

The  aperture  field  is  denoted  as  Ef(x,y,0)  and  i is  a unit  vector  along  the  z axis.  The  expressions  may  be 
evaluated  numerically  and  the  absorption  patterns  plotted  by  means  of  a digital  computer.  As  an  example,  we 
may  consider  a waveguide  aperture  source  and  evaluate  It  as  a diathermy  applicator  for  use  at  918  MHz. 

Fig.  9 Illustrates  the  complete  heating  curves  In  the  x-z  plane  for  a ■*  12  cm  and  b ■ 2,  4,  12,  and  26  cm. 
Hearing  at  the  fat  surface  for  a plane  wave  exposure  is  denoted  by  the  dashed  line  on  the  figures.  The 
results  show  that  the  relative  heating  varies  from  intense  superficial  heating  in  excess  of  that  produced 
by  a plane  wave  to  deep  heating  greater  than  that  produced  by  a plane  wave  as  aperture  size  la  Increased. 

The  absorbed  power  density  patterns  in  multilayered  cylindrical  tissues  exposed  to  an  aperture  source 
can  also  be  determined  by  using  c summation  of  three-dimensional  cylindrical  waves,  expressing  the  aperture 
field  as  a two-dimens ional  Fourier  series  and  matching  the  boundary  conditions.  Ho,  et  al.,  [ 17 J, [18]  have 
calculated  the  absorbed  patterns  for  a number  of  different  aperture  and  cylinder  sizes.  Typical  results  are 
shown  lh  Fig.  10  for  a human  arm-size  cylinder  exposed  to  a surface  aperture  source  12  cm  long  in  the  direc- 
tion of  the  axis.  The  patterns  are  plotted  as  a function  of  radial  distance  from  the  center  of  the  cylinder 
for  various  circumferential  angles  4 from  the  center  of  the  aperture.  The  patterns  are  normalized  to  the 
values  at  ♦ • 0*  at  the  muscle  interface.  The  difference  between  the  patterns  in  the  cylindrical  tissues 
and  those  illustrated  for  the  plane  layers  Indicates  the  Importance  of  tissue  curvature  when  assessing  the 
effectiveness  and  safety  devices  designed  for  medical  application  of  microwave  energy. 

All  of  the  theoretical  results  discussed  in  this  section  strongly  point  to  the  ineffectiveness  of  tha 
2450  MH*  frequency  as  u diathermy  frequency  as  pointed  out  in  earlier  reports  by  Schwsn  (11, [2),  Lehmann 
[19],  and  Guy,  et  al.,  (11), (20).  Although  the  lover  frequencies  of  915  MHz  authorized  in  the  United  States 
or  433  MHz  authorized  In  Europe  appear  to  be  better  choices,  it  appears  from  the  theoretical  data  that  750  MHz 
would  be  the  beat  choice.  By  their  nature  the  frequencies  Chat  provide  the  best  therapeutic  heating  would 
also  be  frequencies  that  cculd  be  most  hazardous  to  man  in  an  uncontrolled  situation. 

2.  Lumped  Inductor  Source 


The  type  of  source  that  has  been  used  frequently  in  shortwave  diathermy  is  an  inductive  coll  designed 
to  Induce  27.12  MHz  eddy  currentz  in  tissues  by  magnetic  induction.  A great  deal  of  insight  and  some  quanti- 
tative information  concerning  absorbed  power  can  be  gained  through  & simple  theoretical  analysis  of  the  coup- 
ling characteristics  of  the  applicator  to  tissue.  The  applicator  can  be  analyzed  by  considering  the  case  of 
planar  skin,  fat  and  muscle  geometry  exposed  to  a flat  pancake  coil  with  coordinates  and  parameters  as  daflned 
In  Fig.  11.  Since  the  size  of  the  coil  la  small  compared  to  the  11  meter  wavelength,  the  mathematics  can  be 
greatly  simplified  by  approximating  the  actual  spiral  coil  with  perfect  concentric  loops  connected  in  series 


and  assuming  quasl-atatlonary  field  conditions  121],  The  vector  potentlel,  A 
the  coil  are  . 

n (a  )1/2  r t 2 

A. t — r (1  " 4 V)  K(k.)  - E(k  ) 

♦ ir(p)1'2  i-1  ki  l 2 1 1 i, 


and  magnetic  field. 


n k p a.2  - p2  - (z  •>  h)Z 

H ^72  1 i72  K<ki>  ■*  

4*<p)1/2  i-1  (a/'2  L p)2  + (f  + 


2 4p*i 

V 2 2 <21> 

(p  + a^  + iz  + hr 

and  where  K(k^)  and  E(ki)  ere  complete  elliptical  integrals  of  the  first  end  second  kind,  a.  la  the  radius 
of  the  1th  loop,  n Is  the  number  of  loops,  I is  the  loop  current,  u la  the  permeability  of  trot?  space,  end 
p and  s ete  cylindrical  coordinates  of  the  point  of  observation.  The  magnetically  Induced  electric  field 


&&&& flC  liPTWPftW  li  Jl^ 
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component  (a  may  be  expressed  aa  L » jwA>,  which  at  shortwave  diathermy  ftnqnenclna  can  ba  aa»i#’*M*  to  pwee- 
trata  tha  tissues  without  significant  perturbation  ainca  the  tiaauaa  ara  na>v.ly  transparent  to  ..,m  near-field 
Inductive  components  of  the  coil. 


The  major  field  consonant  induced  In  the  subcutaneous  fat  due  to  tha  volttgaa,  A, , of  tha  coil  ia 
normal  to  tha  intarfacaa  given  by 


E,  * 


pj  j,  *.{  — r-r^K’  ■ "v]} 

'O'1  I(p  + at)Z  + h2J3/Z  L (p  - at)2  + h2  JJ 


(22) 


In  tha  fat  where 


B(k.)  1 - k. 

•(kf)  - ^ K(kt) 


(23) 


and  k^  ia  simply  Equation  21  evaluated  at  a • 0. 


If  wa  ignore  tha  field  spreading  and  other  quasi-static  field  conponenta  becauaa  of  tha  doaa  proximity 
of  tha  fat-nuacle  interface,  wa  nay  obtain  an  aatinate  of  tha  absorbed  power  in  tha  fat 


W 


a 


If 

pf 


[Bt2  + E^2]  X 10"3 


due  to  both  the  induction  field  ana  the  significant  conponent  of  the  quaal-atatlc  field. 


(24) 


Khan  evaluating  Eq.  24,  one  should  keep  in  nind  that  tha  noat  desirable  heating  or  absorption  patterns 
for  therapeutic  purposes  corresponds  to  minimum  relative  heating  in  the  fat  with  naxlnua  relative  heating 
and  depth  of  penetration  into  the  nuscla.  Fig.  12  illustrates  the  calculated  results  for  tissues  exposed 
to  a flat  coll  with  the  sane  wire  thickness  and  radii  of  turns  as  a typical  cosnercial  applicator.  Three 
concentric  loops  provide  the  closest  approximation  for  this  case.  With  such  few  turns,  it  is  mors  convenient 
to  assume  that  the  total  applied  voltage  calculated  froe  the  coil  current  and  Inductance  was  distributed 
equally  between  the  center  and  the  inner  and  outer  loops.  A coll  current  of  1 A,  a fat  thickness  of  aj  - 2 cm 
and  a spacing  of  3 cm  betwean  the  applicator  coll  and  the  surface  of  the  fat  are  assumed . The  results  show 
that  the  coll  induces  a toroidal  heating  pattern  with  a maximum  heating  of  0.663  W/kg  in  the  nuscla  at  a 
radial  dlatanca  p - 5.5  cm  from  the  coll  axis  with  a penetration  depth  (depth  where  heating  drops  by  a factor 
of  e~2  from  the  maxims*)  into  the  nuacle  of  about  4 cm.  Tha  maximum  heating  in  the  fat  which  occurs  on  the 
axis  is  approximately  one-third  that  of  the  nuscla.  A second  lower  peak  occurs  In  the  fat  it  p • 3.8  cm. 

The  former  Is  due  to  the  coupling  from  the  electric  field  Induced  by  magnetic  coupling.  The  value  of  heating 
for  other  values  of  coil  current  may  be  obtained  by  multiplying  tha  raaulta  given  In  tha  flgurs  by  tha  squara 
of  the  coll  current.  The  value  of  coll  current  varies  according  to  tha  power  output  setting  of  the  generator, 
tha  spacing  between  the  coll  and  the  patient,  and  tha  geometry  of  the  exposed  tissue. 
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TABU  1 fropertles  of  Rlcroeeves  In  Biological  Nadia* 


Rustic,  Skin,  and  Tissues  eltfi  HI 


gtt  Ha  tar  Content 

frxr 

(cr) 

Dielectric 
Con: taut 

Conductivity 

% 

(«4»o*/aet#r) 

Mavelanfth 

Si 

(a*) 

Otpin  of 
Panet ration 
(en) 

Raflectlon 

Coefficient 

Air-Uncle 

Interface 

Reflection 

Coefficient 

Muscle-fet 

Interface 

r 

4 

r 

4 

i 

10.000 

2.000 

0.400 

436 

91.3 

8.982  ' 

♦m 

-- 

10 

3.000 

160 

9.625 

118 

21.6 

0.966 

♦ 178 

— 

— 

27.12 

1,106 

113 

0.612 

68.1 

16.3 

0.925 

♦177 

0.851 

-11.13 

40.68 

738 

97.3 

0.6*3 

51.3 

11.2 

0.913 

♦176 

0.652 

-10.21 

100 

300 

71.7 

0.889 

27 

6.66 

0.881 

♦175 

0.650 

■ 7.96 

2110 

150 

56.5 

1.26 

16.6 

4.79 

0.944 

♦ 175 

0.412 

• 8.06 

100 

• 100 

54 

1.37 

11.9 

3.89 

0.82$ 

♦175 

0.592 

>8.14 

433 

69.3 

53 

1.43 

8.76 

3.57 

0.803 

♦175 

0.562 

>7.06 

750 

40 

52 

1.54 

5.34 

3.18 

0.779 

♦ 176 

0.532 

■ 5.69 

915 

32.8 

51 

1.60 

4.46 

3.04 

0.772 

♦177 

0.519 

-4.32 

1300 

20 

49 

1.77 

2.81 

2.42 

0.781 

♦177 

0.506 

- 3.66 

2450 

12.2 

47 

2.21 

1.76 

1.70 

0.754 

♦177 

0.500 

- 3.88 

3000 

10 

46 

2.26 

1.45 

1.61 

0.751 

♦178 

0.495 

3.20 

5000 

6 

44 

3.92 

0.89 

0.788 

0.749 

♦177 

0.502 

'4.85 

5800 

5.17 

43.3 

4.73 

0.775 

0.72P 

0.746 

♦177 

0.502 

4.29 

8000 

1.75 

10 

7.65 

0.573 

0.413 

0.74« 

♦178 

0.C13 

6.65 

13000 

3 

30.9 

L.IL. 

10.3 

0.464 

C.343 

0.743 

+ 176 

0.518 

5.95 

* frem  Johnson  and  fifty  (22J. 
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TA61I  It  Propartlot  of  Weronom  In  lloloftcal  IMU* 


f4t 

• Sant,  ant  T 

tint*  aitR  low  Htttr  Content  j 

Fraauancy 

HawlongtR 

DKlKtrlc 

Conductivity 

Navolongth 

Depth  ef 

Reflection 

Reflection 

(MU) 

In  Air 

Conitant 

'’l 

\ 

Ptnttratlon 

Coefficient 

Coefficient 

(cm) 

Ut) 

(mMw/m) 

(cm) 

(to) 

Air-fat  In  vrfoce 

Fat-Mmle 

Intarftta 

U 

4 

f 

m 

1 

n.ooo 

• • 

-* 

• • 

• » 

10 

3,000 

— 

*- 

— 

— 

— 

.. 

♦ . 

27,11 

1 ,106 

20 

10.9  - 43.2 

241 

159 

0.660 

♦ 174 

0.6S1 

♦ 169 

40. ta 

738 

14.6 

12.6  - 52.8 

187 

118 

0.617 

mm 

0.652 

♦ 170 

100 

300 

7.45 

19.1  - 75.9 

106 

60.4 

0.511 

HS 

0.650 

♦ 172 

200 

150 

5.95 

25.8  - 94.2 

59.7 

39.2 

0.458 

♦ 168 

0.612 

♦ 171 

300 

100 

5.7 

31.6  - 107 

41 

32.1 

0.438 

♦ 189 

0.5)2 

♦ 172 

433 

69.3 

5.6 

37.9  - 118 

28.8 

26.2 

0.427 

♦ 170 

0.562 

♦ 173 

750 

40 

5.6 

49.8  - 138 

16.8 

23 

0.415 

♦ 173 

0.532 

♦ 174 

915 

32.8 

5.6 

55.6  - 147 

13.7 

17. » 

0.417 

♦ 173 

0.519 

♦ 176 

1500 

20 

5.6 

70.8  - 171 

8.41 

13.9 

0.412 

♦ 174 

0.506 

♦ 176 

2450 

12.2 

5.5 

96.4  - 2i3 

5.21 

11.2 

0.406 

♦ 176 

0.500 

♦ 176 

3000 

10 

5.5 

110  - 234 

4.25 

9.74 

0.406 

♦ 176 

0.495 

♦ 177 

5000 

6 

5.5 

162  - 309 

2.63 

6.67 

0.393 

♦ 176 

0.502 

♦ 175 

5800 

5.17 

5.05 

186  - 338 

2.29 

5.24 

0.388 

♦ 176 

0.502 

♦ 176 

8000 

3.75 

4.7 

255  - 431 

1.73 

4.61 

0.371 

♦ 176 

0.513 

♦ 173 

10000 

3 

4.5 

324  - 549 

1.41 

3.39 

0.363 

♦ 175 

0.518 

♦ 174 

* Fro*  JoAnaon  anil  6uy  [22]. 


TABLE  HI  THERMAL  AND  FKTSICAL  PROPERTIES  OP  HUMAN  TISSUES  * 


Tlaaua 

Sub- 

script 

Specific  Haat 

c 

Kcal/kf 

Dnnaity 

P 

«*/cc 

Metabolic 

Rata  (V) 

w/ka 

Blood  flew 

Rata  (a) 

nl/100  ga’ain 

Thermal 

Conductivity 

ekaletal  owcla 

(netted) 

• 

1.07 

4.4 

mu)  ~tl* 

■ 

.83 

0.7 

2.7 

6.42 

fat 

f 

.54 

0.937 

2.1* 

tew(ewtlal) 

be 

.3 

1.79 

14.6* 

bo»a(apoa*y) 

ba 

.71 

1.25 

i 

blond 

bl 

.93 

1.06* 

5.06 

heart  Mela 

m 

33 

64 

brala(aaclaad) 

br 

5.0 

brala(lltlac) 

br 

11 

54 

6.05 

kidney 

k 

20 

420 

Uw 

I 

6.7 

57.7 

- . 

2.3 

ekia(livies) 

a 

1 

12.6 

4.42 

who  la  M) 

i 

1.3 

8.6 

(1)  For  wig 

(2)  For  huaan 

*Fro*  Guv  ot  al  f28l. 


Aeiative  absorbed  povcr  density  pattern*  In 
plan*  fat  and  auacle  layers  exposed  to  a 
plana  wave  source.  Froa  Johnson  & Guy  {22) 


Wf*  2 Peak  absorbed  pover  density  in 

P^*n*  akin  and  tusclt  layers  as  a 
function  of  fat  thickness. 

*rom  Johnson  4 Guy  (22) 


pl"*  **v*  «oare«.  fro*  Johnson  * Guy  [22) 
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ta)  Spherical  model  of  human  head  with  brain  core 
surrounded  hv  thin  layers  of  hone  and  skin 
exposed  to  918  Mil/  radiation  (radius  In  the 
order  of  a wavelength  In  tissue). 


Spherical  homogeneous  muscle  model  simulating 
man  exposed  to  918  MHr  radiation  (radius  large 
compared  with  :l  wavelength  with  tissue). 
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(c)  iherical  homogeneous  muscle  model  simulating 
man  exposed  to  10  Mil*  radiation  (radius  .mall 
compared  with  a wavelength  in  tissue). 


(d)  Spherical  homogeneous  muscle  model  simulating 
a mouse  exposed  to  10  MHx  radiation  (radius 
small  compared  with  a wavelength  in  tissue). 
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Power  absorption  densities  in  spherical  tissue  layers  exposed  to  1 mW/crn  incident  plane  wave 
power  density.  From  Guy  (23| 
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ELECTRIC  Tyrt  MAGNETIC  TVf€ 


Fig.  5 Sketch  depleting  how  electric  end  nagnetl- 

celly  Induced  electric  field*  add  In  exposed 
tlaeue  ephere  ot  produce  absorbed  distribu- 
tion pattern.  Froai  Guy  (23) 


Fig.  6 Power  absorption  density  pattern* 

veraua  frequency  In  spherical  nuacl* 
nodel  of  70  kg  nan  exposed  to  plane 
wav*  1 eW/c»7  source.  Froai  Guy  (23) 
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Fig.  7 Powur  absorption  density  versus  outside 
radius  In  spherical  tissue  layer  nodal 
of  anlaal  exposed  to  2450  MUs  1 sW/cn2 
plane  wave.  From  Guy  (21) 


Fig.  * Quasl-statlc  solution  of  absorbed 
power  density  In  prolate  ellipsoid 
nuacl*  nsdlun  exposed  to  -1  sW/cn2 
radiation  field. 
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Fig.  10  Heating  patterns  In  a cylindrical  model  of  human  arm  due  to  a direct  contact  cylindrical  aperture 
source.  From  Johnson  & Guy  |22| 
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Shidlti  of  Ihf  hioli)|(ictj  cfltctu  uf  t>lfclrom«|im>llc  rttlitliun  (EMRI  ntpcuuM  illrn  cll»  li>ti«  nputllirt* 
t loti  as  a major  threat  to  min.  The  purpose  of  thin  paper  I*  to  analyse,  collectively,  the  EMR  research 
studies  on  ocular  effects  and  provide  an  overview  of  the  practical  aspects  ol  this  problem  today,  1 he 
principal  conclusions  irom  this  effort  are;  (ii  The  acute  thermal  insult  I rum  high  intensity  KMR  fields 
is  cuta ractogrnic  if  intraocular  temperatures  reach  4^-55°  C,  |2l  The  KMH  exposure  threshold  is 
about  100-IM)  m\V  'enm  applied  for  about  bO-lOO  minutes.  I ll  Tbrre  does  not  appear  to  be  a cumulative 
effect  from  EMR  exposures  unless  each  single  expotun-  is  sufficient  to  produce  some  irreparable 
degree  of  injury  to  the  eye, 

INTRODUCTION 


The  fact  that  microwaves  can  pro  ,cc  lenticular  opacities  ol  the  eye  has  been  known  for  over  two 
decades  (l-b(.  In  any  general  assc  ent  of  the  biological  effects  ol  electromagnetic  radiation  fields, 
ike  eye  is  often  identified  as  Iht  >al  orgin  of  concern.  However,  the  bulk  of  available  experi- 
mental evidence  (7-10i  supports  t.  ,i«ion  that  electromagnetic  ,mic  row*  v c / radio!  requeniy » radiation 

|CMR<  .xposures  greater  than  100  lor  periods  longer  than  an  nour  are  required  to  produce  lena 

opacification.  Validation  and  acceptance  of  this  threshold  value  for  EMU  cataractogcnesis  have  a pro- 
found effect  on  future  research  needs  to  assess  the  consequences  ol  man's  exposure  in  EMR  fields. 


EVIDENCE  OF  EMR  CATARACTOOKNF.SIS 

Numerous  expe  invents  have  been  conducted  to  determine  the  EMR  thresholds  for  production  of 
lenticular  opacities  as  a function  of  frequency,  power  density,  and  ■ xposure  time.  Extensive  reviews 
of  such  data  are  reported  in  the  open  literature  |7,  H,  II),  The  following  table  provides  a summary  of 
research  findings  and  conclusions  of  representative  studies. 


SUMMARY  OF  EXPERIMENT*!.  EVIDENCE  OF  EMR  CATAR ACTOC.ENESIS 


Refs 

Investigator/ 
Author,  liate 

Freq, 

(Milt) 

Animal 

Exposure  Profile 

Re  suits /Conclusions 

1 

Richardson 
A.W.,  1948 

2,400 
10,  000 

Rabbits 

100  W output,  eyes  5 cm 
from  source,  ter.  p a: 
posterior  pole  of  lens  a:- 

:.:;v  — c. 

J2  of  54  irradiated  eyes 
developed  lenticular 
opacities.  Concluded  - 
thermal  effect. 

J 

Osborne, 

S,  L. , 1948 

2,450 

Dogs 

Eyes  exposed  to  J 50-4  50 
mlV/cnr  for  20  min  per 

exposure  over  J-week 
period. 

No  eviUenw  ‘""'"f  tc 

the  eyes. 

5.  <* 

Daily,  L. , 
1950*1952 

2,450 

Dogs 

Rabbits 

100  W output,  intraocular 
temp  rime  J°  C in  dogs. 

Anterior  cortical  cataracts 
developed  in  24  hrs  and  re- 

Repeated  exposures  with 
2- 5 inches  space  between 
'‘C"  director  and  cornea 
for  10- JO  minutes. 


6-10  exposures  of  the 
eyes  of  dogs  to  JOC 
mW/cm*  for  JO  min. 


greased  over  9 wks.  Pos- 
terior cortical  cataracts 
developed  over  9 wks. 
Under  same  exposure  con- 
ditions for  rabbits,  7 of  17 
albino  and  J of  17  pigment- 
ed rabbits  developed  cata- 
racts, 

r nil,  d show  any  ocular 
damage. 


SUMMARY  (Continual 


I! 


_ 

Author.  Dai* 

tMH«)  Animal 

usaoWfi 

Rcaulte/Conctuaiona 

4 

RiduHiM 
A.  W, , 1451 

10,000 

Rabbit* 

14-oT  W output,  putted 
aatpoaaraa,  1*5  mtn,  at 
5 cm  distance. 

lb  of  21  rabbita  developed 
oparitiea  within  b0  daya. 

11.  11 

Williams, 
O.D..  1955 

1,490 

babbit* 

9 min  at  590  mW /cm*  to 
90  mtn  at  290  mW/cm*. 
Intraocular  temp*. 
49-51°  C. 

Cataracta  developed  over 
1-14  do/  latent  portod. 
Threshold  —120  mW/cm*. 

8.  U 

Aldington, 
C.  It.  . 
1958-1959 

200 

Guinea 

pig* 

Doga 

Mice 

Free  apace  exposures  at 
90  to  J50  mW/cm1,  60 
min /day;  J,  5,  or  7 
dey/wk  or  continuously 
lor  period  a up  to  45  wka. 
Average  increase  in 
rectal  temp  < 2°  F. 

No  evidence  of  1*.;*  change 
could  be  found 

8.  15 

Cogan,  D.  G. . 
1958 

400 

Rabbita 

60  mW/ctr*  within  wave- 
guide and  in  (re*  apace 

No  coto recta  produced  with 
whole  body  expoaurea  net.r 
lethal  levels. 

7.  8 

Carpenter, 
R.  L, , 1958- 
1960.  1968. 
19  72 

1.450 

Rabbit* 

50  mW/cm4  to  120 
mW/cm  , 1 hr /day  (or 
20  conaocutive  day*. 
Continuoua  (CW|  and 
Pulsed  (P>. 

Cataract  threshold  at  120 
mW  /cm1  (or  cumulative 
expoaurea,  i-b  day  latent 
period  for  appoaronce  of 
cataracta.  CW  va  P expo- 
aurea inconclusive. 

1) 

Raider,  D.  R. 
1971 

20 

Primate* 

Four  rheaua  monkey*  ex- 
poaad  to  pulaad  fields 
180  mW /cm‘  (or  4 hour*. 

Eye  examination  1,  4,  l 7 
daya  poatuxposure  and 
weekly  for  8 waaka  re- 
vealed no  ocular  change. 

16 

Rirenbaum, 
L,  , 1969 

5.  500 
(800  . 
6.  J001 

Rabbita 

IvO  expoaure*  to  pulled 
(ields,  62  exposure*  to 
CW  field*. 

Thresholds  for  cataracta 
similar  to  Carpenter  data 
(-120  mW/tm*|,  latent 
period  4 deys.  No  detect- 
able difference  between  P 
and  CW  axpoauras.  Effec- 
tiveness of  radiation 
diminiahed  with  decree  sing 
frequency. 

8 

BailUe, 

H.  D.  . 1969 

2,  500 

Do#  a 

5000  mW/cm^  expoaure* 
under  hypothermic  con- 
dition* (cooled  to  22°  Cl. 

Without  cooling,  immediato 
and  delayed  cataracts  were 
produced.  Under  hypother- 
mic conditions  no  cataracta 
were  produced  even  with  re- 
peated exposures.  Con- 
cluded - Cotaract  produc- 
tion is  thermal  affect. 

V.  H 

Michaelson, 
S.  M. . 
1961.1974 

2.800 

Rabbita 

Free  (pace  expoaure* 
220-240  mW/cm  (or 
one  hour. 

Produced  vapid  and  com- 
plete opacification  (also 
profound  thermal  effects 
were  observed). 

2,800 

Dog* 

Pulsed  expoaure*  at  165 
mW/cra  (or  1 hr*  in  a 
■ingle  expoaure  or 
6 hr/day  (or  i wk*. 

Did  not  produce  any  lenti- 
cular changes  for  several 
years  after  irradiation. 

1,180 

Dogs 

Pul*ed  Held*  at  10,  50, 
or  100  mW/cm  , 

6 hr/day,  5 day*/wk, 
2-4  wk*. 

Periodic  examination  for 
12  months  after  expoaurea 
did  not  reveal  abnormali- 
ties of  the  tens  or  retina. 

Investigator/  Kr»i), 

Author.  Date  tMSri  Animat  Exposure  Profit* 


Rsaulta/Concluiloni 


Michael  son,  44.000  I top* 
S.  M. , 
lobl . |'»74 


lAilaed  fields,  «*  6 
hr/vUy,  5 days/wk,  or 
-It  hr /day,  4 days/wk, 
lor  40  month*,  (In  these 
exposure*  thr  dog*  were 
free  to  move  around.  ) 


No  eye  abnormalities  in 
tana  or  retina. 


4.  (*00  tVjga 


Single  or  fractionated 
exposures  to  ISO 
mW/cm*  for  40  min. 


No  permanent  lenticular 
aiterationa. 


9,  10  Guy.  A.W.. 
1994 

Xramar,  P, 
O.  , I UTS 


Single  or  fractionated 
exposures  to  700 
mW/cm2  for  40  min, 

4.4S0  Rabbits  Exposure  I a vala  from 
— 100  mf/cm  to  S00 
mW/cm2  ,'t>p  10- 100 
minutea. 


4,450  Habbita  Exposed  to  name 

exposure levela  under 
hypothermic  conditiona. 


R faulted  in  lena  opacities- 
tion. 


Expoeure  threahold  for 
cataract  production  was 
ISO  mW/cm*  for  100  min. 
Data  auggeat  critical 
temperature  for  cataracto- 
geneaia  ia  —41°  C, 

Concluded  that  aingle  po- 
tentially cataractogenic 
exposures  will  not  injure 
the  eye  under  conditiona  of 
controlled  general  hypo- 
thermia, Concluaion  - 
Heat  alone  ia  reaponsible 
for  damage  to  the  lena 
following  aingle,  high-level 
irradiation. 


4,450  Habbita  Expoeure  levela  • 100 

mW/cm2,  10  nun/ day, 

4 daya;  100  mW/cm2, 

60  min /day,  5-9  daya; 
100  mW/cm2,  140 
min/day,  8-9  daya, 

918  Rabbits  Expoeure  1400  mW/cm2 

for  10  min. 


Williams, 
R.  J. , 1974 


Appleton,  B. 
197  5 


4,450  Habbita 
4,860 


1,000  Rabbit;. 


Multiple  expoeure  CW 
and  putaed,  445 
mW/cm  , 40-10  min 
daily  for  up  to  5 weeks, 

100  or  400  mW/cm2 
for  1 5 or  10  min. 


100,  400,  or  500 
mW/cm2  for  15  min. 


Periodic  exama  for  aix 
months  after  expoeure 
revealed  no  ocular  damage. 


Concluded  threahold  for 
cetarectogeneeia  ie  higher 
for  thie  frequency  when 
compared  to  4450. 

Radiation  did  not  appear  to 
influence  the  normal  cor- 
nea. No  detectable  effect. 


Examination  daily  for  14 
daya,  weekly  for  one 
month,  end  monthly  for 
e year  revealed  no  ocular 
chengee. 

Acute  ocular  changes 
during  exposure.  Animal 
deaths  occurred  after  30 
min  300  mW/cm2  end 
15  min  0 500  mW/cm2. 
No  lane  changes  or  cate-- 
recta  were  noted  at  one 
year  postexpoeure. 
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SUMMARY  (Continued) 

Investigate  . 
Refs  Author.  Date 

Fraq. 

(MHz) 

Animal 

Exeosura  Profils 

Rs  suits /Conclusions 

26  Williams, 

R.J.,  1975 

2,450 

Rabbits 

250  mW/cm*,  20 
R>in/day,  5 day/wk 
for  6 wks,  165 
mW/tm  , 20  min  - 
2 times  daily,  5 
day/wk,  for  i wks. 

Electron  microscopy  re- 
vealed prominent  ultra- 
structural  changes  in 
one  lens  that  had 
appeared  normal  by  slit 
lamp  biomicroscopy. 

The  feet  that  these  studies  were  conducted  over  a span  of  25  yea^s  poses  some  difficulty  in  compar- 
ing the  research  results  and  conclusions,  particularly  considering  the  tack  of  quantitative  dosimetry  in 
some  of  the  earlier  investigations.  However,  taken  collectively,  they  reveal  certain  consistencies 
which  must  be  considered  in  an  analysis  of  EMR  cataractogenesls.  The  acute  thermal  insult  appears 
as  a primary  mechanism  for  producing  eye  trauma  leading  to  lens  opacities,  but  is  effective  only  above 
some  power  density-time  threshold.  These  studies  indicate  this  threshold  value  is  greater  than  100 
mW/cm2  applied  for  more  than  an  hour.  Although  most  of  the  experimental  work  has  been  conducted 
using  2450  MHa  radiation  sources,  the  data  suggest  that  lower  frequencies  require  more  intense  radia- 
tion exposures  to  produce  comparable  lenticular  damage.  This  is  logical  from  the  standpoint  of  thermal 
insult  since  EMR  energy  transfer  to  biological  tissue  is  frequency  dependent,  with  the  higher  frequen- 
cies producing  the  maximum  energy  density. 

The  studies  conducted  under  hypothermic  conditions  provide  remarkably  strong  evidence  that  heat 
alone  is  responsible  for  ocular  lens  damage!  following  r ingle  high-intensity  EMR  exposures.  Thus, 
time  of  exposure  is  also  a critical  parameter  for  lens  injury. 

In  studies  vhere  the  radiation  was  applied  to  the  wvole  body  of  the  animal,  letliality  often  resulted. 

In  a practical  sense,  this  should  redu:o  the  concern  fov  a.^e  eye  injvries  from  EMR  exposures. 

Studies  such  as  these  cause  questions  to  be  raised  concerning  the  selection  of  test  subjects  and  extrap- 
olation of  the  research  findings  to  man.  However,  it  is  believed  that  the  EMR  exposures  used  in  these 
experiments  represent  a worst  case  biological  insult,  i.  e. , these  exposures  were  more  traumatic  to 
the  animals  than  they  would  be  to  man. 

Many  different  types  of  retrospective  studies  have  been  conducted  in  an  attempt  to  gain  useful  data 
from  actual  or  suspected  exposure  of  human  populations  to  EMR  fields.  One  nf  the  earliest  of  such 
studies  was  performed  in  1943  (7,  8,  17)  on  45  military  radar  operators.  In  1958,  another  study  of 
335  microwave  workers  was  reported  (7,  8,  18).  Neither  survey  revealed  any  significant  findings.  A 
more  extensive  but  different  type  of  study  (7,  8,  19)  of  the  records  of  2,  946  World  War  II  and  Korean 
veterans  treated  by  the  U.S.  Veterans  Administration  Hospitals  for  cataracts  compared  to  those  of 
2,  164  veterans  without  cataracts  was  made  to  determine  if  the  cataract  incidence  could  be  related  to 
greater  occupational  risk  (exposure  to  EMR).  It  was  concluded  that  the  group  occupationally  exposed 
or  associated  with  microwaves  exhibited  no  increased  risks  of  cataracts.  References  7 and  8 discuss, 
in  detail,  the  major  controversies  concerning  the  interpretation  and  validity  of  a number  of  occupational 
surveys  and  individual  case  reports. 

In  spite  of  repeated  attempts  to  analyze  and  apply  Ovta  from  retrospective  studies,  little  has  been 
gained  from  such  efforts.  However,  the  following  general  observations  are  worthy  of  consideration: 

(1)  Human  data  alone  does  not  provide  conclusive  evidence  that  EMR  produces  cataracts  in  man. 

(2)  Some  surveys  may  indicate  statistically  significant  increases  in  lenticular  defects  in  microwave 
workers,  but  none  has  shown  any  clinically  significant  defects  in  terms  of  decreased  visual  acuity,  i.  e. , 
no  apparent  loss  of  functional  vision. 


(3)  Case  reports  of  diathermy  treatment  in  the  area  of  the  eye  using  multiple  exposures  at  power 
densities  of  80-240  raW/cm2  did  not  result  in  production  of  cataracts. 


(4)  The  exposure  levels  with  which  clinically  significant  cataracts  have  been  tenuously  associated 
indicate  the  cataractogenic  threshold  is  over  100  mW/cm^  for  man. 


(5)  Human  populations,  including  groups  that  work  with  or  near  EMR  emitters,  are  rarely  subjected 
to  fields  having  average  power  densities  greater  than  about  1 mW/cn:^  and  in  most  cases  the  fields  ar4 
lower. 


DISCUSSION 


Interpretation  and  significance  of  controlled  research  studies  and  retrospective  surveys  of  various 
population  groups  will  be  debated  for  many  years  to  come.  The  controversies  will  include  applicability 
of  specific  laboratory  procedures  used  to  administer  and  measure  EMI.  fields  and  the  tools  and 
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techniques  used  to  quantitate  biological  response.  The  current  state -of -knowledge  concerning  EMR 
effects  on  the  eye  may  be  summarized  briefly  as  follow#! 

The  acute  thermal  insult  resulting  from  EMR  exposures  it  believed  to  be  the  predominant  mechanism 
responsible  for  the  production  of  lenticular  opacities  In  the  eye  (7,  9).  It  appears  that  intraocular  tem- 
peratures in  the  range  of^M^C  must  be  reached  before  opacities  develop.  Thus,  cumulative  effects 
of  EMR  exposures  would  not  be  anticipated  unless  each  single  exposure  exceeded  the  critical  threshold 
level  necessary  to  produce  some  degree  of  irreparable  injury.  Based  on  the  experimental  evidence 
summarized  herein,  the  threshold  level  is  greater  than  100  mW/cm1  applied  for  more  than  one  hour. 

A latency  period  of  several  days  is  indicated  for  the  development  of  cataracts.  Additionally.  Michaelson 
reports  (7),  "No  one  has  yet  been  able  to  produce  ceteracts  even  by  repetitive  exposures  when  the  power 
density  is  really  below  threshold. " Appluton.  who  has  been  actively  engaged  In  clinical  surveys  of  nu- 
merous military  population  groups  (20)  and  microwave  research  studies  (21).  further  states:  "1,  Lens 
damage  probably  has  not  occurred  in  humana  from  cumulative  exposure  to  tow  levels  of  microwave 
energy.  2.  Lens  damage  probably  could  not  occur  in  a human  from  acute  exposure  to  microwave 
energy  without  associated  severe  facial  burns."  (22). 

While  the  emphasis  in  past  research  studies  and  in  this  paper  is  on  acute  EMR  cataractogenesis. 
future  studies  of  the  effect  of  EMR  on  the  eye  should  consider  more  subtle  indications  of  energy  transfer, 
such  as  alterations  in  lens  protein  and/or  ultrastructural  changes,  and  any  possible  long-term  edverae 
consequences  (25,  26). 
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functional  durations  In  the  nauroandocrlna  system  of  both  animals  and  humans  exposed  to  microwaves 
have  bean  reported  by  several  investigators.  The  findings  Include  changes  In  tha  secretions  of  the 
pituitary  gland)  adrenal  cortex,  thyroid  gland,  and  the  gonads.  In  mast  cases,  the  endocrine  changes 
attributed  to  microwave  exposure  have  not  bean  adequately  documented.  Tha  findings  of  a Ibrga  number  of 
studies  have  been  used  to  overstate  the  conclusions,  or  derive  assumptions  Incompatible  with  the  cybernetic 
modal  of  the  function  of  the  neuroendocrine  system,  conflicting  and  Inconsistent  results  of  research  and 
observations  by  various  Investigators  also  exist  (I). 

Son*  Investigators  belleva  endocrine  changes  result  from  stimulation  of  the  hypothalamic-hypophysial 
system  due  to  thermal  Interaction  at  the  hypothalamic  or  ixmediately  adjacent  levels  of  organisation,  the 
hypophysis  Itself  (pituitary),  or  the  particular  endocrine  gland  or  end-organ  under  study.  According  to 
other  Investigators,  the  observed  changes  have  been  Interpreted  as  being  the  result  of  direct  microwave 
Interactions  with  the  cantrel  nervous  system. 

HTPOTHACAHIC-HVPOPHVttAi-AWEHAi  RMPOHSt 

Several  Investigators  have  reported  blochomice!  and  physiological  changes  as  a result  of  microwave 
exposure  ubilch  suggest  an  adrenal  effect.  Three  and  ?4  hours  after  dogs  were  Irradiated  with  3 000  Hue, 

10  nM/cm1,  tha  corticosteroid  content  In  their  blood  Increased  by  IPO  and  1504  above  the  original  level, 
white  blood  potassium  was  down  5*104  and  blood  sodium  up  by  percentages  In  the  same  range  (2) . Suscepti- 
bility of  rets  to  microwave  exposure  was  sharply  Increased  I week  after  bilateral  adrenalectomy  (2). 

The  pituitary  gland  In  female  mice  exposed  to  3000  MHi  (10  mw/cm1)  twice  daily  for  5 oonths,  preserved 
Its  gonadotropic  function,  although  Its  activity  was  reduced  In  comparison  with  that  in  nonexposed  animals 
(I).  Tolgskeye  end  Gordon  (4),  In  discussing  the  dynamics  of  changes  in  the  neurosecretory  function  of 
the  hypothalamus  noted  the  reversibility  of  the  process  when  exposure  Is  terminated. 

In  rats  exposed  to  microwaves  of  varying  Intensity,  no  Quantitative  changes  In  corticosterone  were 
found  in  the  adrenals  end  blood  plasma,  P republican c rets  with  the  pituitary  removed  displayed  no  differences 
in  adrenal  growth  rate  when  treated  with  pituitary  h-  ■ snares  collected  from  rets  exposed  to  microwaves 
as  well  as  from  control  rets  (I).  Rets  exposed  to  2 hi/*  (CM) , 10  nM/cm*  for  4 hours,  showed  no  change 
In  adrenal  weights,  phenylethanolemine-K-methyl  transferase  (PRHT)  activity  or  epinephrine  levels  (5). 

After  14  hours  of  exposure  (0.4°C  increase  In  rectal  temperature  compered  to  controls),  however,  decrease 
In  adrenal  epinephrine  (324)  was  significant  end  PNHT  activity  was  elevated  254.  There  ware  no  statistically 
significant  differences  (p  >0.1)  between  exposed  and  sham-axpostd  animals  In  adranal  or  plasma  cortico- 
sterone levels.  In  agreement  with  these  findings,  no  significant  changes  were  noted  in  numbers  of 
circulating  lymphocytes  or  eoslnophi Is.  The  author  suggested  that  although  eosinophil  end  lymphocyte 
counts,  as  well  as  direct  measurements  of  adrenal  end  plasma  corticosterone  failed  to  document  e pituitary- 
adrenal  response,  the  decreased  adrenal  epinephrine  levels  end  elevated  PNHT  activity  probably  indicate 
adrenal  epinephrine  release  and  by  compensation,  augmented  epinephrine  synthesis  via  sympathetic  nervous 
system  stimulation.  It  should  be  noted,  however,  that  similar  alterations  in  epinephrine  levels  have 
been  noted  to  occur  In  rats  subjected  to  e stressful  situation,  such  as  Immobilisation  or  acute  exposure 
to  cold. 

Petrov  end  Syngayevskaye  (2)  suggest  that  the  enhancement  of  corticosteroid  activity  during  end  after 
irradiation  could  be  an  adaptive  reaction.  Some  animals  develop  inhibition  of  adrenal -cortical  function 
(corticosteroid  activity),  attended  by  a decline  In  resistance  to  microwaves  reflecting  insufficient  ACTH. 
Increased  resistance  may  be  related  to  an  increase  In  the  secretion  of  ACTH,  which  would  also  be  an  adaptive 
reaction  of  the  organism.  This  Is  supported  by  the  finding  that  the  resistance  of  some  animals  to  mlcrcwaves 
Is  slightly  increased  when  ACTH  is  administered. 

HYPOTHAt AH I C-HYPOPH YS I AL-THYRO 1 0 RESPONSE 


The  literature  offers  comparatively  few  experimental  studies  of  the  effect  of  microwaves  on  the  thyroid. 
Rets  exposed  to  various  regimens  of  microwave  radiation  (2450  MHz,  CW,  I mW/cm2  continuously  for  8 weeks 
or  10  rM/ cm8,  8 hr/day  for  8 weeks)  were  evaluated  In  terms  of  their  thyroid  and  thyrotropic  activity.  No 
alterations  In  structure  or  function  were  noted  which  could  be  attributed  to  a specific  effect  of  microwave 
radiation  (6).  On  the  other  hand,  a stimulatory  influence  of  5 mW/em8  on  the  trapping  and  secretory 
functions  of  the  thyroid  gland  of  rabbits  has  been  reported  (7).  These  functional  changes  were  In  agreement 
with  altered  hist>logy  of  the  thyroids. 

The  ability  of  the  tiyrold  to  concentrate  Iodide,  as  measured  by  the  ratio  of  accumulated  thyroidal 
ntl  divided  by  the  concentration  of  serum  ***|,  T/S  (,'"),  was  reduced  in  rets  exposed  for  14  hours  tc 
2450  MHz  (CW)  at  field  Intensities  of  20  and  25  mW/cffl2,  but  the  reductions  were  not  statistically  significant 
(5).  In  these  animals  there  res  e l.0°C-l.7°C  Increase  In  rectal  temperature  relative  to  controls.  Serum 
protein-bound  Iodine  (PBI)  and  thyroxine  levels  were  slightly  but  not  significantly  decreased  at  10,  IS, 
and  25  mM/cm2  after  16  hours  of  irradiation  (p  >0.05).  Exposure  at  an  Intensity  of  15  mV/ cm2  for  60  hours 
produced  a decrease  in  PBI  of  234,  end  e decrease  in  serum  thytoxina  of  ppt,  both  of  which  were  statistically 
significant  at  the  0.05  end  0.005  confidence  levels,  respectively.  Results  of  rectal  temperature  measure- 
ments after  16  or  60  hours  demonstrated  only  e slight  eno  statistically  insignificant  temperature  rise  up  to 
a field  Intensity  of  20  mV/cm2.  Above  this  level,  the  rectal  temperature  Increased  sharply  (5).  The  author 
suggests  that  these  results  could  be  due  to  a primary  effect  on  the  thyroid,  the  pituitary,  the  hypothalamus, 
or  any  combination  of  these.  Although  the  temperature  Increase  was  not  marked,  the  author  does  nct-e  that 
at  this  exposure  level  (IS  mV/ cm8)  there  sms  e 0.5°C  i 0.3  (SEH)  rise  In  rectal  temperature  after  j 60  hour 
exposure. 

Indirect  evidence  has  been  obtained  of  some  protective  Influence  of  lowered  general  end  tissue  metabolic 
rate  following  hypophysactomy  on  the  time-related  lethal  exposure  of  rets  to  microwaves  (8).  Ths  survival 
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tint  of  norma!  rat*  expo  tad  to  microwaves  wet  largely  a function  of  body  Matt  survive!  time  per  unit  of 
body  weight  wet  tlgnlf Icantly  longer  In  hypophyseetoml ted  then  In  normal  rati. 

Increased  radioactive  Iodine  uptake  (Mill)  has  boon  observed  In  dogi  exposed  to  ISlO  or  2 MO  Mti  pulled 
microwaves,  100*1(5  rtW/em*  (9).  This  was  felt  to  be  a result  of  Increased  thyroid  stimulating  hormone  (T$K) 
due  to  thermal  stimulation  of  hypothelamlc*hypophyslel  activity.  The  microwave  affect  on  thyroid  response 
was  transient  since  repeated  thyroid  ml  uptake  studies  revealed  a return  In  '’'I  uptake  values  to  normal 
(avals.  After  dally  microwave  exposure  of  I to  5 weeks  duration  at  20  or  50  aM/cm1,  soma  dogs  had  an  Inaloe  so 
In  l,ll  uptake.  The  relationship  of  '“l  uptake  to  elapsed  time  following  20  and  50  MW/cm1  was  Ill-defined, 
whereas  following  a single  100  rtt/cm*  exposure  the  * * 1 1 uptake  Indicated  a tlme*re’ated  affect. 

It  has  been  reported  that  microwave  exposed  workers  have  developed  enlargement  of  the  thyroid  gland  as 
well  at  an  Increased  RAIU,  but  In  some  cases  without  clinical  symptoms  of  hyperf unct lof > (10).  It  was  not  pot* 
tibia,  however,  to  establish  correlation  between  the  amount  of  thyroid  activation  and  aach  Individual's  micro* 
wave  exposure  history,  because  of  Inadequate  controls.  Inappropriate  control  matching,  end  other  roetons, 
the  data  as  presented  could  as  easily  represent  the  .tormel  incidence  of  these  particular  clinical  findings 
In  this  particular  occupational  population. 

0'Yachanko  (It)  described  the  results  of  a study  of  thyroid  function  In  )!  men ,2k  to  39  years  old, who 
operated  microwave  equipment  (centimeter  band)  for  3 to  15  years.  An  "asthenic-neurosis"  syndrome  was  found  In 
18  of  the  subjects,  while  an  anhancad  2*2k  hour  l,,l  uptake  by  the  thyroid  was  found  in  all  of  the  Individual 
The  changes  in  thyroid  function  In  thase  subjects  Is  attributed  by  the  author  to  secondary  affect*  resulting 
from  radiat lon*l nduced  dltturbancas  of  the  sympathetic  nervous  system  In  the  vicinity  of  the  hypothalamus. 

Clinical  studies  and  functional  mvast I gat  Ions  of  tha  thyroid  by  Tk  and  T3  determinations  In  Ik2  men 
servicing  microwave  equipment  at  power  density  exposures  of  10  pW-l  mM/cm*  did  not  reveal  significant  distur- 
bances in  thyroid  function  (12).  A difference  between  the  mean  values  of  Tk  and  basal  metabolism  In  thm  con- 
trol group  compered  with  the  subjects  exposed  to  microwaves  was  attributad  by  tha  Investigators  to  extraneous 
effects,  i.e.  hypersensitivity  of  the  central  nervous  system,  since  neurovegetat I ve  disorders  wera  found  In 
(1*72  percent  of  persons  exposed  to  microwaves;  cause-effect  relationship  was  not  established. 

Subbota  (13)  rtvlawed  the  influence  of  low  "nonthermal"  intensity  mlcroweve  radiation  bn  tha  organism. 
Although  he  did  not  specifically  discuss  thyroid  or  other  nauroandocrine  changes  in  experiments!  animals  at 
low  lavels,  he  did  state,  however,  "it  may  be  assuned  that  a change  in  the  normal  activity  of  the  central 
nervous  system  Is  the  primary  link  in  the  various  functional  disturbances,  and  that  endocrine  gland  activity 
changes  are  secondary.  On  the  other  hand,  derangement  of  cardiovascular,  gastric,  and  other  functions  is 
a consequence  of  disturbed  neuroendocrine  regulation." 

Petrov  (Ik)  discussed  the  Influence  of  microwave  radiation  at  high  (thermal)  intensities  on  the  thyroid 
gland  in  experimental  animals,  indicating  that  enhanced  thyroid  function  has  generally  bison  noted.  He  con- 
cluded that  "disturbances  to  neurohumoral  regulation  appear  under  Irradiation  with  high* Intensity  microweves 
that  cause  an  increase  in  body  temperature,  owing  to  changes  in  the  functions  of  the  CHS  and  certain  endocrine 
glands."  McLees  and  Finch  (15)  have  reviewed  the  experimental  animal  data  which  indicate  an  increased  AAIU  by 
the  thyroid  following  microwave  exposure.  They  also  point  out  that  temperature  elevation  and  heat  stress  have 
been  associated  with  alterations  in  radioactive  iodine  turnover  rate. 

In  trying  to  assess  the  effect  of  microwave  exposure  on  the  thyroid  gland,  one  Is  led  to  the  conclusion 
tha.  perturbation  of  this  endocrine  organ  may  be  the  result  of  an  indirect  effect;  the  thermal  stress  on  the 
body  producing  an  hypothalamic-hypophysial  response.  This  Is  consistent  with  microwave  induced  thermal  stimu- 
lation of  hypothalamic-hypophysial -thyroid  (HHT)  activity  (16).  These  changes  In  thyroid  activity  could  be 
the  result  of  increased  thyroid  stimulating  hormone  (TSH)  and/or  Increased  metabolic  activity  of  the  thyroid 
gland  due  to  heating.  Since  thyroid  gland  activity  has  been  shown  to  be  altered  by  both  sympathetic  and  para- 
sympathetic nerve  stimulation  (17),  the  above  changes  could  also  be  the  result  of  some  direct  Interaction  of 
microweves  on  the  central  nervous  system.  The  HHT  axis,  however,  has  been  shown  to  be  critically  sensitive 
to  environmental  temperature  ( 1 8) . Thus,  thyroid  changes  due  to  microwave  exposure  could  be  due  to  small 
changes  In  peripheral  tenperature. 

EFFECTS  OH  THE  FTRVPUS  SYSTEM 

Transient  functionel  changes  referrabie  to  the  central  nervous  system  have  been  reported  following  low- 
level  (<10  mW/ cm* ) microwave  irradiation.  Eastern  European  investigators  stress  that  the  CHS  is  highly  sensi- 
tive to  ail  forms  of  radiation.  Although  some  reports  describe  the  thermal  nature  of  microwaves,  the  majority 
stress  nonthermal  or  specific  microwave  effects  at  the  molecular  and  cellular  level.  It  'houid  be  noted,  how- 
ever, that  changes  in  nervous  system  function  may  not  be  specific  (19),  and  a specific,  e.g.,  nonthermal 
microwave  effect  has  not  been  experimentally  verified  (20). 

Animal  experiments 

In  one  of  the  earliest  studies  on  neurologic  effects  -if  microwaves  by  Oldendorf  (21),  evidence  was  found 
of  focal  coagulation  necrosis  in  rabbits  brains  exposed  to  2450  HHz.  The  first  report  on  the  effect  of  micro- 
wave  energy  In  the  centimeter  range  on  the  conditional  response  activity  of  axperimental  animals  was  mada  by 
Cordon  et_  al  (22).  In  subsequant  yaars,  the  study  of  the  "nonthermal"  effects  of  microwaves  gradually  occupiad 
the  central- role  in  electrophysiologi cal  studies  In  the  Soviet  Union  (23). 

Baltin  et  «J_  (24)  found  that  exposure  of  monkeys  to  225*400  HHz  was  followed  by  signs  of  agitation, 
drowsiness,  akinesia  and  eye  signs,  as  well  as  autonomic,  sensory,  and  motor  abnormalities.  There  were  sign* 
of  diencephalic  and  mesencephalic  disturbances;  alternation  of  arousal  and  drowsiness,  together  with  confirm- 
ing EEG  signs.  The  response  depended  on  orientation  of  the  head  in  the  field  and  reflections  from  the 
surrounding  enclosure.  Rabbits  whose  heads  were  exposed  for  30  minutes  to  3 to  300  HHz  showed  increased 
excitation  of  cortical  and  other  visual  analyzers  (25). 

Tolgskaya  et  *]_  (26)  studied  the  effects  of  pulsed  and  CW  3000  and  10,000  HHz  microwaves  on  rets  et 
various  intensifies.  Emphasis  was  placed  on  morphologic  changes.  The  more  pronounced  morphologic  changes 
in  the  nervous  system  following  3000  HHz  than  10,000  HHz  at  1 - !0  my/ cm*  was  interpreted  as  evidence  of  a 
nonthermal  effect.  Puised  waves  were  more  effective  than  CW.  The  greatar  effectiveness  of  pulsed  microwaves 
was  also  noted  by  Harha  (27). 

Conditional  response  (CR) . Yakovleva  and  associates  (28)  reported  that  single  and  repeated  exposures 
of  rats  to  microweves,  5-15  mW/em1,  weakened  the  excitation  process  and  decreased  the  functional  activity  of 
ceils  In  the  cerebral  cortex.  Edematous  changes  were  most  often  noted  throughout  the  entire  cross-section 
of  the  cortex.  The  greatest  number  of  altered  cells  was  noted  with  repeated  exposures  et  15  ntt/ca*. 

Lobanova  (29)  sursnarlzed  her  findings  at  3000  HHz  suggesting  two  phases  are  evident  in  changes  In 
CR  during  exposure,  an  increase  In  excitability  of  the  central  nervous  system,  i.e.  a weakening  of  active 
inhibition;  and  a second  phase  of  weakened  excitation,  with  the  development  of  external  Inhibition.  In  a 
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leter  study,  however,  she  reported  thet  chronic  exposer*  of  animal*  to  M In  the  1J?»I|I  KM*  ran#*  for 
k.S  month*  at  "lorn  Intensity"  doe*  not  havo  a narked  affoct  on  thair  CA  (|0). 

Conditional  raamona*  alteration  ha*  been  reported  In  do#*  exposed  to  IMP  (3000* 30,000  M Re)  for  1*1 
hour*  ()t).  Tha  direction  of  changes  In'Mntensd'redletlon  was,  In  tha  majority  of  **»**•  oppo* 1 1*  to 
trot  observed  *ft*i*l*eatf'redletlon.  At  S «M/cm*  Incraaaod  tail  vat  Ion  mo*  observed  at  a positive  CA  with 
relative  stability  of  differentiations  the  latent  period  of  CA  in  tha  majority  of  cat**  wa*  thertanad  with 
100  att/cm*.  A petit  I v*  CA  wet  almott  always  depressed,  and  differentiation*  war*  delayadt  teat*  with 
repeated  radiation  Indicated  tho  pot* I hi  a adaptation  of  the  cortex  to  the  CRT,  In  rabbits,  brief  exposure 
to  10  mW/cm1  VMf  (JO-WO  Wit)  Intanalflad  conditional  response*  to  different  stimuli,  where**  prolonged 
exposure  produced  an  Inhibitory  affect.  Selective  sensitivity  of  the  brain  to  this  frequency  wet  demon* 
st rated  by  revortlble  structural  changes  In  the  cerebral  cortex  and  In  the  dlencephaton  (J2,  ))/ . 

It  it  apparent  that  (astern  turopeen  Investigator*  have  a greet  Interest  In  conditional  response 
pheneaana.  To  understand  their  reports,  one  must  reed  them  In  the  content  In  which  they  are  written, 
whether  one  accepts  the  precepts  behind  the  writing  or  not.  These  Investigators  base  much  of  thair  con* 
ceptual  approar*  on  Aavlovlan  conditional  response  techniques  and  Interpretation.  It  shculd  be  mentioned 
in  this  content  that  an  affect  1s  observed  only  In  enperlmants  conducted  according  to  the  scheme*  used 
by  I.P.  Pavlov  and  his  followers.  Among  Investigators  that  have  studied  conditioned  reflenes  In  different 
animals,  there  1s  disagreement  In  the  evaluation  of  the  observed  phenomena  and  their  mechanism  ()b). 

Cortical  effect*.  Several  Investigators  have  reported  that  microwave  exposure  produces  alteration  In 
the  electroencephalogram  ((EC)  (Jl,  35,  J4,  37).  Stimulation  Is  often  followed  by  Increased  amplitude 
and  decreased  frequency  of  EE6  components,  or  by  decreased  amplitude  and  Increased  frequency.  The  general 
character  of  the  observed  EE6  alterations  Is  constant  inroughout  a wide  range  of  Intensities  (.01  xM/cm* 
to  ■v  100  mM/cm*).  In  general,  the  percentage  of  cases  evidencing  alterations  Increases  with  Increasing 
intensity.  However,  tome  Investigators  revealed  a greater  percent  of  responses  at  .02  xM/c«*  than  at 
Intermediate  Intensities  (37).  The  EEC  responses  show  a substantial  delay  which  decreases  with  radiation 
intensity  from  about  100  sec  at  .02  xM/em*  to  about  20  tec  at  10  mb/cm1.  Aabblts  exposed  to  10,000  HHt, 
pulsed,  at  $ nM/cm*  single  exposure  showed  no  changes  In  EEC  tracings,  but  exposure  to  3000  HHe,  7 nM/cm*, 

3 hours/dey  for  (0  days  produced  functional  changes  (Jl). 

Hevlewing  the  literature  on  EEC  effects  requires  awareness  of  certain  deficiencies  in  this  methodology. 
There  is  not  always  a one-to-one  correspondence  between  functional  ttate  and  character  of  EEG  recording  * 
which  may  lead  to  mistaken  interpretation  of  the  functional  consequences  of  changes  In  the  character  of 
spontaneous  activity  as  the  result  of  exposure  to  microwaves.  Spontaneous  activity  may  be  easy  to  measure, 
but  extremely  difficult  to  interpret  (39). 

behavioral  effects.  Justesen  end  King  (kO)  studied  the  beheviore)  effects  in  rets  exposed  In  e closed 
space  situation  to  2kS0  HH*.  Average  power  densities  approximated  2.$,  5.0,  10  or  IS  mM/cm* . A major 
finding  was  rate  of  recurrence  of  an  iterative  (phasic)  tongue- I i eking  reflex.  At  the  high  level  of 
IS  nM/cm*.  there  invariably  occurred  a behavioral  state' suggesting  flaccid  paralysis.  Tha  animal  recovered 
within  5*10  minutes  after  removal  from  the  experimental  chamber  and  thereafter  exhibited  no  behavioral  signs 
indicative  of  stress.  Rectal  temperature  data  confirmed  an  Impression  growing  from  earlier  behavioral 
observations  that  the  rat  is  highly  variable  In  Its  tha rmo regulatory  capability.  No  chronic  HI  effects, 
behavioral ly  or  neurohistologlcel iy.  were  found  after  fairly  long-term  intermittent  exposures  at  2.5  to 
15  mW/cm*.  Although  some  acute  effects  were  observed,  none  was  incompatible  with  the  supposition  that 
thermal  Input  was  the  only  consequence  of  irradiation. 

Diachenko  end  Miiroy  (kl)  reported  a study  of  pulsed  end  low-level  CW  microwave  radiation  effects  on 
an  operant  beharlar  in  rets.  The  subjects  were  trained  to  perform  a lever  pressing  response  on  a DRL 
schedule  (differential  reinforcement  of  low  rate)  and  tested  immediately  after  one  hour  dally  exposure  for 
one  week  to  I,  5,  10,  15  nM/cm*  power  levels  of  2kS0  MHz  while  other  subjects  were  exposed  to  a pulsed 
field  of  125  kV/m.  No  effects  were  found  at  the  1,  5,  end  10  mW/cm*  levels,  nor  did  the  pulsed  field 
effect  performance.  The  rets  exposed  to  15  mW/cm*,  however,  while  showing  no  significant  decrement  in 
performance,  did  show  obvious  signs  of  heat  stress. 

In  the  context  of  behavioral  effects,  it  should  be  noted  that  behavior  Is  not  a simple  process  end 
that  bahavloral  effects  represent  the  summation  of  different  effects  In  different  systems.  Such  effects 
could  be  e response  to  subtle  temperature  input  signets  which  may  arise  In  many  body  structures. 

Effect  on  learning  ability.  Conditional  response  studies  have  indicated  alteration  In  learning  as  a 
consequence  of  microwave  exposure  (31.  k2,  k3)  ■ Retrograde  amnesia  end  depressed  learning  have  been 
described  in  rets  exposed  to  microwaves  (kk,  k5) • The  field  Intensity  in  these  studies  evidently  was  quite 
high. 

Alternating  arousal  and  drowsiness  effects  have  been  noted  In  dogs  subjected  to  pulsed  UHF  fields  (31). 
It  has  been  suggested  that  the  phenomenon  of  pulsed  energy  sleep  may  be  related  to  the  effects  described 
above  (kE) . In  this  technique  a low  intensity  current  (0.2  mA)  is  applied  to  the  brain  betwean  occipital 
and  orbital  electrodes.  This  current  Is  pulsed  at  • rate  between  I and  100  pps,  with  a pulse  duration  of 
0.3  ms.  Under  these  conditions  a sleep-like  state  (which  Is  apparently  quite  simitar  to  normal  physiological 
sleep)  is  observed  In  the  subjects.  Pulsed  energy  sleep  has  been  used  as  therapy  for  psychopethologlc 
conditions. 

Reported  observations  In  man 

fef Tacts  in  men  referred ie  to  CHS  sensitivity  have  been  described  (Ik,  k2,  k7,  k8,  k9).  Most  of  the 
reported  effects  ere  subjective,  consisting  of  fatigability,  headache, sleep  inass,  irritability,  loss  of 
appetite,  and  memory  difficulties.  Psychic  changes  that  include  unstable  mood,  hypochondriasis,  and 
anxiety  have  been  observed.  Compered  to  those  in  control  groups,  persons  working  in  microwave  fields  of 
various  intensities  complain  often  of  a heavy  feeling  in  their  heads,  headaches,  fatigue,  drowsiness  in 
the  daytime.  Irritability,  poor  memory,  and  a pain  in  the  heart, usual ly  of  the  aching,  stabbing  type. 
Objective  symptoms  are  bright  red,  diffuse,  persistent  dermographla,  hyperhl dros I s,  unstable  arterial 
pressure,  end  anglopethy  of  the  retina.  Autonomic  vascular  Instability  is  reflected  in  changes  in  the 
electrocardiogram  (bradycardia,  disturbance  in  intraventricular  conduction).  Mental  disorders  such  as 
anxiety,  insecurity,  hypochondria,  suicidal  thoughts,  and  at  a later  state,  delirium,  terror,  visual 
and  auditory  hallucinations,  combined  with  impairment  of  sleep  have  been  reported  (50).  Mom  "I  t'» 
subjective  symptoms  are  reversible,  end  pathological  damage  to  neural  struct^-.  ■ is  i-i , ‘ ■' 

the  reports  ere  based  on  subjective  rather  then  objective  finding.  It  ’■ 

suffering  from  a variety  of  chronic  diseases  may  exhibit  t 1 > - - • 

cardiovascular  systems  as  those  reported  to  bee  raso' 1 


Soviet  and  other  lett  European  Investigators  heve  contributed  met  of  the  report!  on  human  effect!  of 
mlcrowava  tnarjlat;  the  greatatt  amphaslt  It  on  effect!  produced  at  let!  than  "thermogenic"  potter  flea 
dentltlec  (< 1 0 a*#/ cm*).  According  to  thete  author!,  the  responses  of  an  orgenitm  to  microwave  exposure 
are  directly  or  Indirectly  referreAle  to  the  central  nervous  tyttem  (IS,  AS,  SO. 

Acuratthanla  syndrome! . The  reported  neurwthenlc  effect!  from  electromagnetic  radiation  have  Aeon 
organ  I ted  Into  categories  by  wavelength,  organ  tyttem,  or  clinical  tyndrome.  Many  of  the  report!  In  men 
can  he  claitlfled  Into  catagorlat  luch  at:  a)  neurasthenic  tyndrome,  b)  autonomic  vagotonic  dystonia,  and 
c)  diencephalic  tyndrome  ($2).  All  three  classes  of  symptoms  have  been  reported  In  Individuals  subjected 
to  microwave  fields  of  "a  few  «W/em*'6j)l  The  basic  symptomatology  and  neuropathology  underlying  all  of 
thete  syndromes  It  reportedly  due  to  the  functional  disturbance  created  In  the  central  narvout  tyttem 
caused  by  reported  "non-thermel"  mechanisms.  These  effects  do  not  appear  In  relation  to  observed  rise 
In  body  temperature,  and  are  reported  to  occur  at  levels  far  below  those  required  to  produce  a temperature 
rise.  The  symptoms  are  manifested  by  weakness,  fatigue,  vague  feelings  of  discomfort,  headache,  drowsiness, 
palpitations,  faintness,  memory  lost,  and  confusion.  Such  syndromes  are  completely  reversible  In  most 
cases,  with  little  or  no  time  lost  from  work  (20).  In  contrast,  other  authors  emphasise  the  resultant 
time  lost  from  work,  and  the  necessary  hosyl tal Izat Ion  ($1). 

In  regard  to  the  question  of  neurasthenic  responses,  Cohen  and  White  (SA)  have  presented  an  eatentive 
review  of  neuroclrculatory  asthenia  as  a clinical  syndrome  that  has  Implications  In  attesting  the  reported 
affects  of  "low  level"  microwaves.  Neuroci rculatory  asthenia  presents  at  a familial  disorder  with  a mean 
age  of  onset  of  26  years  (range  25*35  yea.-s).  Twice  as  many  cases  are  presented  In  females  compared  with 
males.  The  authors  relate  that  onset  of  the  syndrome  In  predisposed  individuals  It  usually  precipitated 
or  made  worse  by  emotion-provoking  circumstances,  medical  Illness,  unaccustomed  or  hard  muscular  labor 
(particularly  if  involuntary),  pregnancy,  and  In  various  situations  In  military  service,  laect  etiological 
relationships  are  unknown,  but  point  toward  envi runmental  influences  and  familial  predisposition. 

Cortical  activity.  The  results  of  long  term  neurologic  observation  of  500  persons  exposed  to  electro- 
magnetic Melds  were  evaluated  by  Kl Imkova-Deutsehove  (55).  host  frequent  subjective  symptoms  were: 
headache,  fatigue  end  sleep  disturbances.  Less  frequent  were  cases  of  enxlety,  hyperexcltebl I ity  and 
vegetative  disorders.  The  objective  symptomatology  was  characterised  by  labrylnthlna  deviations  and 
disturbances  of  pyramidal  and  extrepyremldal  motor  systems.  The  Incidence  of  neurosis  was  significantly 
higher  then  in  controls.  Experiments!  physiologic  end  CE6  methods  showed  mostly  reduced  vigllence  and 
pathologic  records  Independent  of  the  Intensity  of  the  field.  The  disturbances  in  metebollc,  EEC,  and 
clinical  symptoms  suggast  an  impairmant  of  tha  regulative  mechanism  in  tha  mesodlencephal le  ragion. 

Proposad  mechanisms  of  mlcrowava  af facts  on  naural  tlssuas 

Soma  reviewers  have  suggested  that  Investigations  purported  to  show  neurological  affects  at  "non- 
thermal"  microwave  intensities  do  not  clearly  Indicate  whether  tha  changes  produced  by  microwevms  era  due 
to  generalized  thermal  affects  or  to  more  specific  influences  on  perticulerly  vulnerable  tissues.  The 
reports  of  non -therm* I affects  of  microwaves  are  based  on  a definition  of  thermal  as  being  those  effects 
associated  with  e measurable  local  or  whole  organism  temperature  rise  from  art  equilibrated  baseline.  Soma 
Investigators,  however,  use  tha  term  "thermal"  In  a somewhat  different  sense,  taking  Into  account  the  fact 
that  an  organism  can  be  affected  :hermalty  without  demonstrable  core  temperature  rise. 

As  already  pointed  out,  among  tha  authors  that  have  Investigated  conditional  responses  in  different 
animals,  there  Is  disagreement  In  tha  evaluation  of  the  observed  phenomena  and  understanding  of  their 
mechanisms;  these  studies  are  complex  and  require  a special  Investigative  approach  (3A).  Measurement  of 
behavior  by  operant  conditioning  techniques  has  only  recently  been  applied  to  the  study  of  microwave 
radiation  affects.  While  the  study  of  reflex  conditioning  is  acceptable,  it  must  be  emphasized  that  a 
reflex  response  (knee  jerk,  salivation,  ate.)  is  a lower  order,  mostly  spinal  cord  performance  linked 
through  conditioning  to  the  presence  or  absence  of  some  stimulus  signal  (light,  ball,  ate.),  the  whole  of 
which  forms  a simple  paradigm  (Al).  In  contrast,  behavior  elicited  through  operant  techniques  is  of  * 
higher  order,  more  cerebral  performance,  variants  of  which  can  ba  built  Into  much  more  complex  tasks 
requiring  a high  degree  of  information  integration  and  stimulus  discrimination.  In  short,  operant 
conditioning  taps  a different  level  of  behavior,  for  while  reflex  conditioning  fixes  a natural  response  to 
a novel  stimulus,  operant  conditioning  links  a novel  response  pattern  to  a complex  stimulus  contingency  (56). 

In  respect  to  the  relationship  of  body  temperature  and  physiological  functions,  It  Is  important  to 
realize  that  temperature  Input  signals  arise  in  many  body  structures  among  which  the  following  have  been 
identified  experimentally:  a)  preopt  I c-anter ior-hypotha lamus , b)  posterior  hypothalamus,  c)  mid-brain, 

medulla,  motor  cortex  and  thalamus,  d)  spinal  cord,  a)  skin,  f)  respiratory  tract,  and  g)  viscera.  All  of 
thesa  except  the  motor  cortex  and  thalamus  have  been  shown  to  evoke  baheviorel  and/or  physiological  responses 
to  changes  in  local  temperature  (57).  Stress  is  known  to  cause  the  secretion  of  a corticotropin  releasing 
factor  (CRf)  which  stimulates  the  pituitery  to  release  adrenocorticotropic  hormone  (ACTH)  which  In  turn 
causes  the  adrenal  gland  to  release  corticosterone,  e hormone  carried  back  to  tha  pituitary  to  shut  off 
tha  release  of  further  ACTH.  Both  active  and  passive  types  of  avoidance  behavior  are  potentiated  by  ACTH 
and  reduced  by  corticosterone. 

Changes  may  be  produced  by  meens  of  stimulation  or  variation  of  tha  excitability  of  the  peripheral  and 
central  parts  of  the  nervous  system.  Since  biological  objects  are  electrlcelly  heterogeneous  and  mlcrowava* 
range  electromagnetic  fields  (EMF)  have  a known  selective  thermal  affect  on  various  tissues  and  organs, 
a difference  between  e microwave  effect  end  a neutral  heat  effect  is  not  necessarily  due  to  an  unknown 
extrethermal  factor,  but  might  wall  ba  a function  of  an  uneven  distribution  of  heat  In  the  organism  which 
could  exart  Its  own  peculiar  effect - 

An  electromagnetic  field  can  ba  reinforced  In  the  region  of  peripheral  nervous  tissue  causing  a 
temperature  rise,  even  while  nearby  muscle  end  skin  show  no  measurable  temperature  effect  (58,  59).  When 
peripheral  nerves  are  heated  above  a minimum  level,  they  may  trigger  spontaneously.  Thermal  stimulation 
of  tha  peripheral  nervous  system  can  produce  the  neurophysiological  and  behavioral  changes  that  have  been 
reported.  Tha  Interaction  between  tha  peripheral  nervous  system  and  tha  central  nervous  system  could 
also  account  for  reported  cardiovascular  affects  (58,  59). 

Presmen  (19,  A8)  suggests  that  resonant  absorption  at  superhigh  frequencies  (gigahertz  range)  could 
cause  transitions  of  molecules,  especially  protein  molecules,  to  excited  states.  He  alto  discusses 
changes  In  the  Ha*  to  K+  gradient  across  cell  membranes,  owing  to  different  effects  of  microwaves  on  degrees 
of  hydration  of  thesa  ions,  as  wall  as  changes  in  cell  permeability  by  the  disruption  of  protein  hydration 
In  the  call  membrane.  It  must  be  emphasized  that  all  this  is  speculative,  with  no  experimental  data  glvan 
In  support  (tA).  Tha  changas  In  functions  of  the  nervous  system  produced  by  microwaves  are  not  specific. 
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Such  changes  are  produced  fey  any  Man*  of  stixmtetlon  or  variation  of  the  excitability  of  the  peripheral 
and  cantral  fe*rtt  of  the  narvout  system.  Waned  It  can  fea  assumed  that  the  action  of  mlerowavas  on  the  CHS 
may  fea  due  to  stimulation  or  variation  of  the  excitability  of  nervous  tissues-  Tha  elucidation  of  the 
physical  and  chemical  mechanisms  of  microwaves  on  excitable  itructurai  Involve*  conildarabla  dlff icultles, 
•Inca  tha  physical 'chemical  mechanisms  of  excitability  of  living  tliiua  in  general  li  (till  far  from  clour 

(19). 

MacGregor  (40,  (I),  who  reviewed  the  literature  on  the  influence  of  microwaves  on  the  nervous  system, 
has  suggested  possible  mechanisms  of  "low-intensity"  microwave  influence  on  neural  function: 

A.  Direct  effect  (primary  effect  on  apparatus  for  neuroalactrlc  Ionic  fluxes). 

1.  Direct  Influence  on  Ionic  currants  leading  In  turn  to  Influence  on  transmembrane  potentials 
In  nerve  cells. 

2.  Local  lied  heating 

a.  change  membrane  properties,  thereby  disrupt  transport  processes; 

b.  Induce  convection  currents,  thereby  disrupt  transport  processes; 

c.  affect  processes  of  synaptic  transmission; 

d.  affect  processes  of  excitable  membrane. 

).  Chemical  or  structural  change  In  components  of  membrane,  or  in  apparatus  of  synaptic  mechanisms 
or  of  excitable  membrane. 

I.  Indirect  effects. 

1.  Primary  effect  on  cell  metabolism 

a.  alter  fey  heating  or  by  structural  change,  properties  of  membrane,  thereby  disrupting 
nutritional  transfer; 

b.  cause  structural  change  in  an  encyme  or  any  critical  molecule  at  any  stage  of  metabolic 

cycle; 

c.  alter  by  localised  heating,  processes  of  metabolism  at  any  critical  stage. 

2.  Primary  effect  reflects  "stress" 

a.  neural  response  to  disruption  of  neuroendocrine  control  systems; 

b.  neural  response  to  disruption  of  any  physiological  process; 

c.  neural  sensory  response  to  field  directly  or  to  local  lied  temperature  disturbances. 

C.  Disruption  by  any  physical  mechanism  of  hypophysial,  glial  or  electromagnetic  organic  control 

systems.  Intracranial  electrical  fields  associated  wl th  low  intensity  microwave  irradiation  may  induce 
transmembrane  potentials  of  tenths  of  millivolts  (or  more),  therefore,  such  externally  applied  fields  may 
disturb  normal  nervous  function  through  this  mechanism  (6lj. 

The  resting  ammbrane  potential  of  animal  muscle  and  nerve  cells  Is  generally  in  the  range  of  >70  to 
•110  mV;  animal  cells  cultured  in  vitro  may  show  values  as  low  as  *10  to  ~30  mV.  Due  to  their  selective 
permeability,  electrical  doubleTayers  are  formed  at  biological  membranes  which  cause  differences  of 
potential  across  the  membranes.  Therefore,  the  membranes  are  placed  within  electrical  fields  that  are 
conditioned  by  electrical  double  layers.  The  amplitude  of  t'iese  fields  is  considerable.  It  amounts  to 
10’  V/cm  with  a potential  difference  of  100  mV  and  a thickness  of  membrane  of  100  X.  Very  high  fields 
would  be  required  therefore  to  cause  a direct  effect  on  nervous  tissue. 

Microwave  fields  are  only  capable  of  applying  a potential  to  a biological  membrane  which  is  many 
orders  of  magnitude  smaller  than  the  resting  potential  and,  for  this  reason,  should  be  unable  to  excite  or 
change  normal  patterns  (42,  63,  64).  Using  a theoretical  approach,  based  on  biophysical  principles  and 
el*u  'omagnet i c field  theory,  wave  propagation  and  absorption  In  tissues,  Schwan  (64,  65)  calculated  that 
nwrvous  cel)  membranes  cannot  be  excited  at  field  strengths  below  thermal  levels  at  frequencies  greater 

100  MHz.  membranes  are  short-circuited  by  currents  of  frequency  above  100  HH*.  The  electrical  field 
, gt'.i  whir  .ists  in  a nerve  membrane  is  about  S00  kV/cm.  Tha  field  strengths  applied  by  a microwave 
i-.sid  to  th«  ..an  body  are  infinitely  smaller,  and  hence,  cannot  evoke  stimulation  (63). 

Thera  is  a great  deal  known  about  tha  excitation  of  membranes  by  low  frequency  and  DC  currants.  In 
; «.sa  cases,  excitation  is  possible  with  current  densities  of  the  order  of  i rrA/cm'  in  tissue.  At  higher 
frequencies  and  particularly  at  microwave  frequencies,  much  higher  current  densities  are  required  to  cause 
excitetion  if  it  is  at  all  possible.  Although  it  is  difficult  to  perceive,  based  on  the  above  analysis,  how 
microwave  fields  can  effect  excitable  biological  membranes  at  power  densities  less  than  those  which  would 
causa  thermal  effects  (63),  it  should  be  apprecieted  that  this  is  only  one  way  in  which  excitation  of 
nerve  tissue  can  be  elicited.  Other  direct  and  indirect  interaction  mechanisms  may  be  possible. 

Bawin  et  al  (66)  have  reported  that  electromagnetic  fields  of  14?  MHz,  amplitude  modulated  at  brain 
wave  frequencies,  influence  spontaneous  and  conditioned  EEC  patterns  in  the  cat  at  an  intensity  of  I mW/cm1, 
which,  according  to  the  authors, does  not  induce  an  increase  In  tenpemture.  It  should  be  pointed  out, 
however,  that  these  amplitude  modulated  147  MHz  fields  Induced  changes  In  the  central  nervous  system  only 
when  the  amplitude  modu!  n frequency  approached  that  of  physiologic  bioelectric  function  rhythms.  No 
effects  were  *c  «t  mon^  on  frequencies  below  8 Hz  and  above  16  Hz.  Bawin  at  £2.(67)  have  also  shown 
calcium  cffiux  from  t*<  oi..cx  brain  exposed  in  vitro  to  147  MHz  electromagnetic'Tields,  amplitude  modulated 
at  9,  II,  16,  and  20  Hz.  This  suggests  to  the  authors  that  electromagnetic  fields  may  Induce  conformational 
changes  of  the  neuronal  membrane  resulting  in  displacement  of  the  surface  bound  cations. 

It  Is  apparent  that  the  reports  which  claim  the  existence  of  nontharmal  effects  are  equivocal.  Addi- 
tional research,  especially  of  a more  quantitative  nature,  is  needed  to  clarify  this  point.  "Specific" 
effects  quoted  In  the  liter'^ure  are  biological iy  interesting  but  have  not  been  clearly  shown  to  be  related 
to  symptoms  in  man  (68).  Hess  of  what  the  mechanisms  are,  the  important  point  Is  whether  or  not  the 

effects  attributed  to  the1-'  nanisms  do  Indeed  exist,  and  if  they  exist,  to  what  extent  do  they  represent 

harm  to  the  individual. 
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Meed  microwave  fields  with  Incident  energy  densities  of  10  to  AC  u.l  per  c»r  per  pulse 
wl.  * produce  response*  in  the  auditory  system  of  man  and  animals  similar  to  that  produced  ky 
auditory  stimuli.  Secant  studies  indicate  that  the  reaponaea  may  he  originated  froa  high  frequency 
vibration*  induced  in  the  head  "f  the  exposed  subject  by  a transient  thermal  expansion  of  tissue 
due  to  the  rapid  abaorption  of  the  pulsed  alcroweve  energy. 

A.  1 NT  EPOC CT I ON 

Perhaps  the  most  widely  observed  and  accepted  biological  effect  of  low  average  power 
electromagnetic  (CM)  energy  la  tha  auditory  aanaation  evoked  in  man  exposed  to  puleed  microwaves. 
The  effect  which  haa  been  observed  and  studied  by  Prey  (l-3],  and  Fray  and  Messenger  (41,  for 
more  than  a decade  appears  aa  an  audlblt  clicking  or  buaaing  sensation  originating  from  within 
and  near  the  back  of  the  head  corteapondlng  in  frequency  to  the  recurrence  rate  of  the  microwave 
pulses.  The  affect  la  of  great  lntareat  alnca  it  can  he  evoked  by  average  incident  power  levels 
far  below  those  believed  to  be  of  thermal  significance.  The  mechanism  of  the  effect,  however, 
he*  remained  obscure  until  very  recently.  Son er  and  Von  Clnrke  (3)  originally  suggested  that 
radiation  pressure  may  he  sufficiently  high  to  couple  acoustic  energy  to  the  inner  ear  by  bone 
conduction.  Prey  (6)  discounted  this  hypothesis,  however,  and  did  not  believe  that  the  interaction 
was  due  to  transduction  of  EM  to  acoustic  energy.  Kls  belief  mi  based  on  his  failure  to  observe 
cochlear  mlcrophontc  potentials  associated  with  the  pulsed  microwave  stimulation  of  the  euditory 
systems  of  cats  and  guinea  pigs  and  on  the  low  levels  of  incident  power  at  the  threshold  for 
perception  by  the  human  subject.  Frey  and  Messenger  (4j  observed  that  tha  loudness  of  the 
aanaation  was  proportional  to  the  peak  power,  whereas,  Guy,  at  al.,  [7]  observed  that  the 
threshold  of  the  sensation  was  proportional  to  energy  per  pulse.  Prey  [8]  noted  that  individuals 
with  loss  of  audttory  sensitivity  above  5 kHz  could  not  hear  the  pulses  and  Guy,  at  al.,  [7] 
found  that  sensitivity  was  significantly  reduced  if  there  was  decreased  auditory  sensitivity 
for  frequencies  above  4 kHz . 

The  origin  and  a clear  understanding  of  the  microwave  hearing  phenomena  la  important  since 
the  present  ANSI  C95,  l safety  standard  [9]  docs  not  restrict  the  peak  power  density  as  long  as 
the  power  density , aa  avaraged  ovar  any  six  minute  period,  does  not  exceed  1 mH-hr/cm*,  or  3.6 
joules/cm*.  This  la  five  orders  of  magnitude  greater  than  tins  thrashold  level  for  producing  an 
audlbla  aanaation  by  a alngla  short  pulse. 

The  important  questions  that  needed  answers  were;  (I)  what  la  tha  threshold  of  the  affect 
in  man  and  animals  aa  a function  of  pulse  power  or  energy,  pulse  shape,  and  carrier  frequency, 

(2)  what  is  the  locus  of  action  of  the  effect,  l.e.,  is  it  Initiated  at  a central  or  at  c 
peripheral  site,  (3)  is  the  stimulation  dua  to  direct  action  of  the  EM  fields  on  the  nervous 
system,  or  to  transduced  acoustic  energy  acting  on  the  auditory  ayaten,  (4)  what  Is  the  mechanism 
of  interaction,  and  (5)  why  must  the  high  frequency  portion  of  the  auditory  system  be  nonaal  for 
the  sensation  to  be  elicited. 

Recent  studies  accomplished  the  following;  (I)  the  establishment  of  incident  field  and 
modulation  characteristics  at  the  threshold  for  auditory  aanaation  in  humans,  (2)  comparison 
of  activity  evokad  In  four  successive  levels  of  the  auditory  nervous  system  in  tha  cat  dua  to 
incident  acoustic  and  microwave  pulses,  (3)  assessment  of  the  deactivation  of  tha  cochlea,  the 
known  first  stags  of  transduction  for  acoustic  stimuli  on  the  potentials  evoked  by  both  forma  of 
pulsed  energy,  (4)  the  establishment  and  quantitation  of  tha  transduction  of  microwave  pulse 
energy  to  ecouetic  energy  in  microwave  absorbing  materials  by  optical  interferometry,  end  (S) 
demonstration  that  the  microwave  auditory  phenomenon  is  consistent  with  and  can  be  explained  by 
the  direct  conversion  of  CM  energy  to  acoustic  energy  in  the  tissues  from  the  rapid  thermal 
expansion  of  tha  tissues.  These  reaulta,  discussed  in  detail  in  tha  following  sections,  art 
baaed  on  peat  studies  reported  by  Guy,  et  al.  ( 10]  and  Chou,  at  al.  [II]. 

B.  determination  of  thresholds  of  microwave  evoked  responses  in  humans 

Tha  author  and  his  colleague  served  aa  subjects  to  determine  the  incident  power  levels  and 
pulse  widths  needed  to  evoke  the  auditory  aanaation.  A 2450  KHz  aperture  horn  source  fed  by  a 
10  kV  maximum  peak  power  generator  with  pulses  I to  32  usee  wide  was  used  to  Illuminate  the  test 
subject.  Tha  subject  aat  with  the  back  of  his  head  directly  in  front  of  the  horn  IS  to  30  cm 
from  the  aperture.  Placeawnt  of  the  subject’s  head  in  the  near  sons  field  of  tha  horn  vs  a 
necessary  for  evoking  an  auditory  response.  The  "affective"  average  power  density  at  the  location 
of  the  exposed  surface  of  the  aubject's  head  waa  first  measured  with  a Hards  8100  power  monitor 
at  high  pulse  rates  and  low  peak  power  level*  as  a function  of  incident  power  to  the  horn  without 
the  presence  of  the  subject.  The  values  for  higher  powers  and  lower  pulse  rates  were  obtained  by 
linear  extrapolation  from  the  monitored  Incident  power  to  the  horn  in  order  to  prevent  damage 
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to  tha  Motor  probe.  A Mitch  «M  tmnlM  by  the  Mbjeet  to  signal  the  opototot  ot  the  towto 
ttroMltut  oho*  an  auditory  oooootioo  «wU  ho  koirt.  Prior  to  the  tocto,  standard  e#d  Ingram  ooro 
toko*  of  tho  ookjocto,  oo  thorn  *a  Pit*  I.  The  hearing  threeheld  of  the  f trot  mbjeet  wo  normal 
ofcilo  o pronounced  notch  ot  )H0  Ka  on*  notch  for  both  ooro  of  the  eacoed  ookjoct.  Similar  rooolto 
ooro  obtained  for  both  air  aad  boo*  conduction.  Tho  teck|tooM  note*  of  tho  tapnmre  chamber  one 
manured  at  AS  hi  n 0.0002  dyae/cm*  with  a aoonh  lml  not  or.  Tho  pilMi  wore  prooontoh  a*  a train 
of  throe  guinea  100  no  apart  every  second  to  aatntain  an  avorat*  power  honotty  well  below  I rtf/ ea*. 

The  output  of  the  (moratAt  woo  tot  at  tho  threoholh  where  tho  pulooo  coulh  bo  Haarh  by  tho  enbjact, 
at  inhicatoh  by  a light  activated  by  tho  subject.  Table  t tlluatratoa  the  aoaouroh  Inc then t peak 

•ah  average  power  hoaolty  anh  tho  onersy  honaity  par  pulao  tor  aubjoct  (1)  without  car  plugo.  tt  wan 

found  that  rotarhlooo  of  tho  peak  power  oah  pulao  wihth,  thw  throabolh  wot  rolotoh  to  an  energy 

hoaolty  of  40  uJ/cm*  per  pulao  or  a peak  energy  aboorption  honaity  of  II  ml/kg,  aa  calculated  f row  a 

spherical  nodal  hiocuasoh  la  thio  Lecture  Sortaa  "Biophratca  - taorpy  Absorption  anh  Distribution," 
Section  b.  The  rooultn  for  aubjoct  (2)  wore  oinilar  except  tho  throaholh  aaarpy  level  waa 
approx iaotoly  US  wJ/cm*,  or  S hi  hipbar.  Whan  subject  (I)  uaoh  oar  plu|o,  the  throaholh  level 
reduced  to  21  vJ/ca*.  Each  individual  pulao  could  ho  hoard  as  a distinct  and  aoparato  click  aad  nhort 
pulao  trains  could  bo  hoard  an  chirps  with  tho  tone  corresponding  to  tits  pulao  recurrence  rate.  Mho* 
tho  pulse  generator  wee  keyed  annually,  tranaaittod  digital  codec  coulh  bo  accurately  Interprotod  by 
tho  aubjoct.  The  threshold  for  two  pulooo  wtthld  oovaral  hundred  aicro seconds  apart  was  tho  oaao  ao 
one  pulao  with  tho  mm  tocal  energy  aa  tho  pulao  combination.  Though  tho  hearing  sensation  throahold 
atoned  to  bo  in  variance  with  tho  peak  power  aad  loudness  relationship  observed  by  Fray  [4),  tho 
rooulto  wore  ccnslotont  whoa  pulao  width*  are  taken  into  account,  ao  discussed  in  Section  D. 

C.  DEWttlXATlon  OF  CHAIACTSMSTtCS  AW)  TWtMHOLDS  OF  ggEM)  ADDlTOkY  StSTKH  ktSHirilS  1W  Til  CAT 
IY  ACOUSTIC  AW0  MIChOMAVB  PVLSI9 

A series  of  cats,  weighing  2.0  to  3.4  kg,  wore  surgically  prepared  for  recording  potentials 
iron  various  levels  in  the  auditory  nervous  oystoa  while  they  mere  exposed  to  abort  pulses  ot  both 
acoustic  end  aicrowave  energy.  Separate  groups  of  cats  were  uued  for  recording  froei  the  nodical 
geniculate  nucleus  and  the  round  window  of  the  .-ochlea  to  con  pare  differences  and  determine  the 
threshold  of  evoked  potentials  to  acoustic  and  aicrowave  atlaull.  kecordings  were  made  froei  the 
VPL  cf  one  aniael  in  order  to  aeeeas  the  croea-eyatea  CNS  responses  to  applied  tactile,  acoustic  and 
aicrowave  atlaull.  Finally,  the  effect  of  cochlear  disablenent  on  the  interaction  of  the  aicrowave 
stlnuli  with  the  auditory  nervous  systea  was  asssaeed.  The  results  of  tho  oxporiaenta  sro 
described  on  follows. 

1.  the  Medial  Con  leu  Is  to  Nucleus 

Fig.  2 Illustrates  typical  evoked  responses  recorded  froa  the  medial  geniculate  duo  to 
acoustic  and  2450  NHa  aicrowave  pulse  atlauletion.  The  response  recordings  were  aade  on  tho 
x - y recorder  based  on  AO  averages  taken  with  a coaputer  of  avtrage  trsnslsnta. 

The  threshold  of  the  2430  KH»  aicrowave  pulse  evoked  response  as  e function  of  pulse 
width  is  shown  in  Table  II.  The  thresholda  for  tho  evoked  responses  with  nicrowavo  pulses  0.3 
to  10  waec  in  duration  appear  to  be  related  to  tho  incident  energy  density  per  pulse  et  a level 
about  one-hslf  of  that  which  produced  audlbla  e-nsetions  for  the  h>esan  exposure.  Tho  required 
threshold  energy  par  pulse  aveaa  to  Increase  with  pulse  width  for  10  to  32  uaoc  duration 
pulses  with  tho  exception  of  the  23  usoc  ease.  The  peak  absorbed  energy  density  per  pulse  In 
the  head  of  the  cat  waa  neasured  by  t homograph »c  aethods  described  in  this  lecture  series 
"Engineering  Considerations  and  Measurements”  Section  1-4. 

Fig.  3 Illustrates  the  themogrene  taken  of  the  internal  absorbed  energy  density 
distribution  per  20  uJ/cn?  of  incident  energy  density  for  the  sacrificed  cat  head  exposed  to 
2430  NHa  end  918  NHa  radiation.  The  peak  absorbed  energy  densities  corresponding  to  the  thresholda 
of  evoked  responses  are  elao  tabulated  In  Table  II  and  111,  based  on  (ho  thermographic  data.  The 
Incident  energy  density  per  pules  corresponding  to  tho  threshold  for  evoked  responses  recorded 
fron  the  medical  geniculate  body  due  to  918  Wit  radiation,  as  shown  in  Table  III,  differs  very 
little  fron  that  for  2430  MHs . Fig,  4 Illustrates  the  relative  thresholds  averaged  over  three  to 
five  cats  for  both  acoustic  and  ntcrowave  stlnuli  at  a function  of  background  noise.  The 
thresholds  for  the  ntcrowave  atlxull  varied  between  6-33  uJ/cm*  over  the  group  of  cate.  As  the 
noise  level  was  Increased,  there  was  negligibla  lncrsass  In  threshold  for  the  ntcrowave  atlMuli, 
moderate  increase  In  threshold  for  the  piecoelectric  bona  conduction  source,  and  a large  lncrsass 
In  threshold  for  the  loudspeaker  stlnuli.  An  evoked  response  froa  ths  nadial  geniculate  body  of 
the  cat  was  alto  obtained  for  twe  animals  using  X hand  pulses  et.  irequanciau  between  8.47  GHs  and 
9.16  GHs.  Table  IV  shows  that  the  required  energy  par  pulse  to  elicit  the  responses  wee 
significantly  higher  then  required  for  the  other  frequencies.  For  this  case,  the  X hand  horn 
had  to  be  pieced  within  a few  centimeters  fron  the  exposed  brain  surface  of  the  animal  (through 
the  1.0  ca  diameter  electrode  access  hole  in  the  skull).  No  response  could  be  elicited  for  an 
animal  in  which  the  electrode  access  port  through  the  skull  wee  Halted  to  the  diameter  elightly 
larger  than  tha  probe.  Whan  the  skull  was  bared,  there  still  waa  no  elicited  response.  After 
the  hole  in  the  skull  was  enlarged,  however,  a response  wee  obtained. 

2.  Found  Window  of  the  Cochlea 

In  another  serias  of  the  anlaale,  activity  froa  the  round  window  of  tha  cochlea  was 
recorded  in  response  to  acoustic  clicks  and  2430  MHs  microwave  pulses.  The  acoustic  clicks 
were  supplied  by  two  methods:  (1)  air  conduction  by  loudspeakers;  and  (2)  bona  conduction  by  a 

piesoalactrlc  crystal  cemented  to  the  skull.  Acoustic  stimuli  and  aicrowave  pulaae  elicited  activity 
at  the  round  window,  ae  shown  in  Fig.  3.  The  first  trace  of  the  figure  illustrates  tha  composite 


cochlea  altn^MAU  m\4  X.  and  rf.  auditory  ntm  nayoMi  elicited  by  i looiayMkit  yvlM  tna  the 
flrat  animal.  Tb*  cmMn  iIcnmnIc  waa  quit*  atrca^  In  atylltaia  rtyrabMiai  Ua  decaying 
oscillatory  mpaan  shape  of  tha  loudspeaker  (aMiuraf  by  oft  leal  leterferometry,  aa  dlacweamd  la 
tactloa  0).  When  the  auditory  ayatoa  of  tha  aaaa  animal  waa  atlaulatad  by  alctwan  pula**,  a 
alcroaava  artifact  aad  a clear  N.end  1.  auditory  nerve  response  waa  seen,  but  thara  waa  ao 
evidence  of  a cochlea  alcrophoalt  aa  Indicated  on  tha  second  trace  la  Fl|.  1.  Fray  (4)  had 
dlacruatad  tha  role  of  tha  cochlea  la  ale  row* w acouatlc  affacta,  partly  oa  tha  baa la  of  not 
observing  a mlcrophrnlc  la  either  cata  or  tulaaa  pigs.  Wa  have  found,  however,  la  aoaa  aalaala, 
that  the  cochlea  •lcroyhoaic  la  considerably  reduced  (third  trace  la  Fig.  5)  or  net  present  at 
all  (fourth  trace  ta  11|.  5)  whoa  tha  auditory  ayetea  of  tha  aalnal  la  atlaulatad  by  aa  acouatlc 
fulea.  Furthermore,  Waver  (12]  haa  yolated  out  a auaber  of  factora  that  would  prevent  the  obearvanca 
of  a cochlear  yotenttal,  especially  whoa  tha  atlaulua  lateaalty  la  low,  Ha  cltea  work,  for 
aaaayle,  la  which  auditory  threaholda  la  cata,  aa  determined  by  behavioral  levele,  were  eatabllahed 
aa  being  40  dt  below  tha  atlaulua  level,  flrat  affective  leva)  la  producing  cochlear  alrcrophoalc 
potent  lain  of  aufflclent  nagaltuda  to  be  Identified  with  the  convantlal  oacllloacope  display.  Thu  a, 
conalderlag  the  fact  that  the  microwave  rulae  generator  la  capable  of  only  providing  a 10  to  17  dl 
lacreaae  la  pulat  aaargy  over  that  corresponding  to  the  threahold  of  evoked  raaponeea,  the 
abaaace  of  a nlcrowava  evoked  cochlea  alcrophoaic  la  tha  cat  did  not  rule  out  thaorlea  baaed  on  BN 
to  acouatlc  energy  traaeduction.  Thla  waa  later  taulfU  by  uae  of  a wore  aeneltlve  preparation 
with  batter  energy  coupling,  aa  deacrlbad  ta  Section  I.  Tha  capability  of  tha  evoked  auditory 
affect  la  producing  potentiala  at  CMS  alt**  other  than  auditory  la  llluatrated  la  Fig,  4.  The 
flrat  trace  Uluatratea  the  normal  reeponee  recorded  at  the  nadial  geniculate  aa  a reault  of 
acouatlc  stimuli.  Tha  second  trace  Uluatratea  tha  croaa-nodal  acoustically  evoked  reapoaae  aa 

recorded  free  the  VPL,  whereas,  the  third  trace  represent*  the  normal  response  la  tha  VPL  dun  to  an 

electric  shock  applied  to  the  tactile  receptors  at  the  right  torepaw  of  the  animal.  The  last 
thvee  trace*  show  that  the  oleroeave  stimuli  will  also  produce  the  a sue  c rota-modal  rtaponaea. 

Thus,  It  la  clear  that  evoked  potentiala  due  to  microwave  stimuli  could  bo  rocordod  at  CMS 

alto*  other  than  thoae  correapondlng  to  tha  auditory  nervous  ay a tern.  Thla  loavoa  open  the 
possibility  that  evoked  potentials  recorded  from  any  location  in  the  CMS  could  be  ml a Interpret ad 
aa  Indicating  a direct  microwave  interaction  with  the  particular  ayatoa  where  the  recording  la 
made. 

3 . Effect  of  Cochlear  Disablement  on  the  Interaction  of  Nlcrowavaa  with  the  Auditory  Svat 

Nine  cata  were  surgically  prepared  for  recording  potentiala  In  thrae  brain  altoa  evoked 
by  acouatlc  and  microwave  stimuli.  Loci  In  which  potentiala  war*  observed  were  the  eighth  c.anlal 
nerve,  the  medial  geniculate  nucleus,  and  the  primary  auditory  cortex.  The  effect  of  cochlear 
disablement  on  these  potentials  was  evaluated. 

The  subjects,  weighing  from  2.0  to  3.4  kg,  wore  assigned  to  three  groups  of  three.  The 
surgical  preparation  and  details  of  the  experiment  have  been  reported  previously  by  Taylor  and 
Aahleman,  (13],  When  it  was  established  for  each  caee  that  responses  were  obtained  with  both 
acoustic  and  microwave  stimuli,  the  cochles  was  diesblod  by  careful  perforation  of  the  round 
window  with  a mlcr'—dlaaectlng  knife  and  eeplration  of  perilymph.  Both  cochlea  were  destroyed 
In  the  experlmenta  Involving  the  medial  geniculate  nucleus  and  auditory  cortex,  sites  assumed 
to  have  some  bilateral  representation.  Cochlear  destruction  resulted  in  total  losa  of  all  evoked 
potentiala,  even  with  full  available  peak  power  used  for  both  the  acouatlc  and  microwave  stimuli 
and  with  Increasing  number  of  signals  avaraged  on  the  computer  of  average  transients.  Tha  data 
strongly  supported  the  contention  that  the  microwave  auditory  effect  was  averted  on  the  animal  in 
the  same  manner  aa  that  of  conventional  acouatlc  stimuli.  The  results  lead  one  to  examine  more 
closely  Frey's  (3)  contention  that  the  auditory  effect  cannot  ba  a result  of  transduction  of  BM 
to  acoustic  energy.  The  following  section  describes  a study  aimed  toward  gaining  some  In  .light 
pertaining  to  thla  mod*  of  Interaction. 
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Frey's  [3,  argument  that  the  auditory  effect  cannot  be  a result  of  EM  field  forceo  on 
biological  materials  was  based  in  part  on  an  analysis  by  Sommers  and  Von  Clerks  (5].  The 
latter  authora  directly  compared  radiation  pressure  to  the  pressure  required  for  free  sound 
field  bon*  conduction  threshold  at  1000  cycles.  Frey's  threshold  values  for  nlcrowava  Induced 
auditory  effects  appeared  far  too  low  to  be  consistent  with  the  radiation  pressure  theory.  Also, 
the  comparison  waa  incorrectly  atad*  between  microwave  pulses  and  a 1000  Hs  ocoustic  tons  rattier 
than  acouatlc  pulaea.  Finally,  alnca  the  microwave  energy  la  capable  of  penetrating  daep  Into 
the  tissue,  volume  forces,  stresses,  and  pressures  can  b«  sat  up  In  many  ways  due  to  the  sharp 
field  gradients  in  the  complex  dielectric  medium. 

The  threshold  for  audibility  of  narrow  20  to  500  usee  airborne  acoustic  pulaea  at  recurrence 
frequencies  such  lees  than  100  pulaea  per  second  has  been  determined  by  Flanagan  [14]  to  be 
proportional  to  the  energy  pvr  puls*  or  to  the  product  of  the  puls*  duration  and  the  square  of 
the  pressure.  Based  on  Flanagan's  data,  corrected  for  transducer  characteristics,  the  thtashold 
pressure  corresponds  to  1.26  x 10~u  dyns/cm2  for  a 20  usee  pulse.  Thera  Is  soma  uncertainty  as 
to  what  the  bone  conduction  threshold  would  be  for  pulses.  According  to  Zwislockl  [15],  the 
difference  between  air  and  bon*  conduction  thresholds  for  continuous  wave  sound  varies  from 
40  dt  at  10  KHa  to  60  dB  at  1 KHa.  Since  the  pule*  frequency  spectrum  certainly  spans  this 
frequency  range,  we  would  expect  the  range  of  the  bon*  conduction  threshold  to  fall  between  1.26 
and  12.6  dyne/cm2  for  a free  field  20  usee  pulse.  Baaed  on  the  acoustic  transmission  coefficient 
of  2 from  air  to  soft  tissue,  the  pressure  in  the  tissue  would  be  in  the  range  of  2.5  to  25 
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dyne/cm2.  The  — xlmum  radiation  pressure  that  » 20  waec  40  pj/cm2  mleroveve  pulse  would  Mart  on 
a highly  conducting  surface  would  ba  1.33  x 10“ 5 dyne/c*2 , which  ia  too  low  to  expla  the  affect 
by  a surface  pressure.  A surface  pressure  relationship  Is  also  incompatible  with  Flanagan 1 a [l<*V 
results  and  cur  observations  concerning  the  dependence  on  the  hearing  thre* ild  on  pulse  enavgy. 

The  acoustic  pulse  energy  is  proportional  to  the  product  of  pulse  width  and  square  of  the 
pressure  while  the  EM  pulse  energy  is  directly  proportional  to  the  produc”  , •> ' induced  preesure 
end  pulse  width.  Prey  end  Nessenger  [4] , on  the  other  head,  found  for  pulse  widths  greeter  then 
30  Msec  that  loudness  of  nicroweve  evoked  auditory  sen  istlon  war  pro'.o.  >n*l  to  the  peak  power  of 
the  applied  pulse  when  the  pulse  energy  wee  kept  const*  nt  by  decreasing  the  width,  T,  as  the  peak 
power  waa  incraaaad.  Their  data  show,  however,  for  the  narrow  1-30  peec  pulao  width  rangs  ww 
are  concerned  with,  tha  loudness  did  not  vary. 

Although  the  above  observations  did  not  support  the  radiation  surface  pressure  hypothesis, 
they  did  not  rule  out  other  EM  to  acoustic  energy  transduction  proceases.  At  the  frequencies 
where  the  auditory  effect  Is  nost  pronounced,  the  EM  energy  which  penetrates  end  ie  absorbed  deep 
in  the  tissues  of  the  hsad  can  produce  volunetric  forces  by  various  nodes  of  intsrsetion.  Two 
types  of  pressures,  such  greater  then  radiation  pressure,  can  be  produced  in  tlasuea  exposed  to 
nicroweve  pulses.  These  include  electrostrlctlve  and  thermal  expansion  forces  proportional  to 
the  square  of  the  electric  field  in  the  material.  Although  the  elctrostrlctive  foresa  are  unknown 
for  biological  materials  exposed  to  microwave  frequencies,  a rough  estimate  of  the  possible  magnitudes 
may  be  obtained  from  the  equation  given  by  Stratton  [16]  for  electrostatic  field  applied  to  e 
non-compreselble  dielectric  fluid. 

P - 1 e0E2<k  + 2)(k  - 1)  (1) 

where  E is  the  electric  field,  p is  the  pressure  increase  over  that  at  a location  where  E * 0, 
cq  is  the  permittivity  of  free  space,  end  k Is  the  dielectric  constant  of  the  liquid. 

Although  the  thermal  expansion  forces  are  also  unknown  for  biological  material,  a theoretical 
and  experimental  analysis  of  the  conversion  of  blsible  electromagnetic  radiation  from  a Q-switched 
ruby  laser  to  acoustic  energy  by  thermal  expansion  dui  to  absorbed  energy  in  various  liquids  was 
made  by  Gournay  [17].  It  was  shown  that  the  pressures  vastly  exceeded  radiation  pressure.  Foster 
and  Finch  [18]  extended  Gourney's  analysis  to  the  case  of  physiological  Ringer's  solution  sxposed 
to  microwave  pulses  and  showed  theoretically  and  experimentally  that  pressure  changes  far  in 
excess  of  radiation  pressures  could  produce  significant  acoustic  energy  in  the  exposed  medium. 

It  is  very  significant  to  note  that  the  audible  sounds  could  be  produced  by  rapid  thermal  axpanaion 
associated  with  only  a 5 X 10“6°C  temperature  rise  in  the  medium  due  to  the  absorbed  EM  energy. 

The  maximum  pressure,  p,  induced  in  a semi-infinite  absorbing  liquid  medium  dum  to  an  incident 
microwave  EM  pulse  normal  to  the  surface  wee  derived  by  Gournay  [17]  as 

3CB1  _ . 

P ‘ 0 - e ) * (2) 


for  a free  surface  and 

3C6Io  n -oCT/2. 

P ‘ ~r  (l  - e > (3) 

for  a constrained  surface,  where  C is  the  elastic  wave  velocltv,  0 is  the  linear  coefficient  of 
thermal  expansion,  S is  the  specific  heat,  a is  the  absorption  coefficient  for  the  medium,  J is 
the  mechanical  equivalent  of  heat,  I is  the  iSM  power  intensity  at  the  surface,  and  T is  the  pulse 
width.  Gournay's  analysis  also  showed  that  the  maximum  conversion  efficiency  (energy  of  propagated 
elastic  wave  divided  by  energy  of  transmitted  EM  wave)  for  the  energy  transduction  was 


2pSzJ2 


F(aCT) 


for  a free  surface  and 


F(aCT)  - (l-e'°‘CT-aCTe"aCT)/aCT 


F(aCT)  - (aCTe_aCT  + 3e-aCT  + 2aCT-3)/aCT 


for  a constrained  surface  where  p - the  density  of  the  medium.  The  maximun  value  of  F(aCT) 
is  0-3  for  aCT  >2.0  for  the  free  surface  and  2.0  at  aCT  > 10  for  the  constrained  surface. 

Though  the  above  analysis  is  based  on  an  exposed  semi-infinite  medium  with  an  absorption 
coefficient  of  a,  we  would  expect  acoustic  pressures  w^.uin  the  same  order  of  magnitude  to  be 
induced  in  more  complex  media  exposed  to  microwave  pulses.  If  we  assume  a peak  absorbed  power 

t Equations  include  corrections  for  errors  that  appear  in  the  original  reference. 
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tesatty  in  tin  brain  of  0.4  W/kg  pay  I aW/cm2  incident  power  density  booed  on  ■ theoretical 
Analysis  discussed  in  tbio  Lecture  Series  "Biophysics  - Energy  Absorption  ted  Distribution," 

Section  0,  end  elan  aaaune  that  the  Rotations  (2)  or  (3)  nay  be  applied  to  tbit  case*  the 
calculated  acoustic  pressure  in  the  brain  of  approximately  2.2  - 3.0  dyne/ca2  due  to  an  incident 
20  a sac,  40  uJ/cm*  Bt  pulse  would  be  above  the  computed  internal  threshold  pressures.  The 
estimated  electroetrictive  force  of  1.4  X 10“2  dyae/cm2  froa  Equation  (1)  would  ha  far  below  the 
threshold  of  hearing  range  and  such  lower  in  amplitude  than  that  dua  to  tha  rapid  thermal 
expansion  conversion  pracees. 

It  la  of  intorost  to  note  that  for  tha  constrained  eurface  where  aCT  < 3 (correspond lug  to 
pulsa  widths  less  than  30  usee  for  Ringer's  solution  exposed  to  2430  KHx  microwavos)  that  F(aCT> 
is  approximately  equal  to  aCT/2,  lmpliee  that  the  propagated  elaetlc  wave  energy  is  proportional 
to  the  aquara  of  tha  Incident  electromagnetic  wove  energy.  This  ie  consistent  with  our  experimental 
observations  that  tha  hearing  threshold  la  constant  with  pulse  energy  for  pulses  less  than  32  usee 
and  with  Pray* a observations  that  loudness  increased  with  pash  power  for  pultie  widths  greeter  than 
90  uaec. 

In  solid,  more  coupresaible  materials  such  as  bone,  electroetrictive  and  thermal  expansion 
forces  could  be  much  larger.  The  fact  that  the  interaction  of  alcrowave  pulses  with  non-liquid 
lossy  dielectric  materials  can  produce  sufficient  volunatric  forces  and  displacement  in  the  material 
to  be  audible  to  nearby  observers  has  recently  beau  observed  by  Sharp,  at  al  [19).  Audible  sounds 
were  elicited  from  microwsve  anechoic  absorbing  material  by  peak  pulse  energies  corresponding  to 
those  producing  tha  auditory  sensation  to  exposed  humans. 

We  found  in  our  laboratory  that  the  air-conducted  sounds  could  be  elicited  from  microwave 
absorbing  materials  of  either  porous  or  solid  composition.  Mo  audible  air-conducted  sounds  could 
be  obtained  from  lossy  liquids  or  gelia  exposed  to  the  microwave  pulses  nor  froa  good  conductors 
(silver  painted  plastic  disks)  or  dielectrics  (plastics  with  low  dielectric  constant).  Dak 
audible  sounds  could  be  heard  from  exposed  samples  of  low  lose  but  high  dielectric  constant 
materiel.  The  prerequisite  for  audibility  seems  to  be  an  electrical  conductivity  and/or 
dielectric  constant  within  the  range  of  human  tissues  such  that  the  absorbed  or  stored  EM 
energy  is  distributed  over  a large  volume  of  the  illuminated  material.  With  only  surface  absorption 
such  sa  with  silver-coated  samples,  there  was  no  detectable  Interaction.  This  la  consistent  with 
Frey'e  observations,  and  ours,  that  the  lowest  thrasholds  of  intaractlon  occur  at  frequencies  where 
absorption  in  the  heed  occurs  over  e large  volume. 

In  order  to  study  the  Interaction  with  solid  materials  more  quantitatively,  a Michelson 
Interferometer  wee  assembled,  as  show  in  Fig.  7.  A Helium — Neon  laser  beam  was  split  so  that 
one  beam  reflected  froa  e small  mirror  attached  to  e dielectric  test  sample  would  form  an 
interference  pattern  with  a second  beam  reflected  from  e fixed  mirror  illuminating  a pinhole  in 
a plate.  A fiber  optics  guide  was  connected  to  an  oscilloscope,  waveform  averager,  and  an  x-y 
plotter.  The  sample  dielectric  was  illuminated  with  pulsed  microwaves  using  the  same  918  MHs 
power  aource  end  power  measuring  equipment  used  for  the  human  and  animal  experiments.  The  sample 
Interferometer  and  exposure  apparatus  was  electrically  isolstsd  from  tbs  photomultiplier  and 
assoc iatea  electronics  by  s shielded  room. 

Shifts  In  the  fringes  of  the  interference  pattern  due  to  vertically  polarised  microwsve 
field  Induced  displacements  of  the  test  object  and  mirror  were  sensed  by  the  photomultiplier 
through  the  fiber  optics  pathway,  passing  through  the  well  of  the  shielded  room.  The  system 
wss  calibrated  to  maasurc  displacement  as  a function  of  tha  brightness  of  a fringe  Una  over 
the  pinhole  by  noting  the  full  dynamic  range  of  the  oscilloscope  voltage  excursion  (proportional 
to  brightness)  when  the  mirror  was  displaced  one-half  light  wavelength  or  more.  The  sensitivity 
of  the  system  was  enhanced  by  repetitive  averaging  of  tha  triggered  responses  of  tha  sample.  Tha 
samples  of  dielectric  tested  for  acoustic  transduction  properties  were  3 cm  diameter  solid  cylinders 
from  0.5  to  4.0  cm  long.  Four  different  types  of  materials  wars  tested;  three  consisted  of  laminae 
4110  polyester  plastic  loaditd  with  varying  amounts  of  acetylene  black  to  produce  electrical 
condlctlvltles  close  to  humtm  tissue,  as  shown  in  Table  V,  and  the  fourth  consisted  of  a sample 
of  Eccocorb  ANW-77  microwsve  absorber.  Tha  electrical  propartlaa  of  tha  disk  wars  measured  by 
standard  transmission  line  techniques.  The  interferometer  was  also  used  to  determine  tha 
displacement  waveform  of  the  pletoelsctric  crystal  tind  the  loudspeaker  used  in  the  animal 
experiments. 

In  order  to  relate  the  internal  fields  in  the  samples  to  the  acoustic  responses  of  the  sample, 
the  internal  energy  density  absorption  end  electric  field  patterns  wers  measured  in  the  dicks  by 
the  thermographic  technique  discussed  In  this  Lecture  Series  "Engineering  Considerations  and 
Measurements"  Section  B-6. 
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Fig.  8 Illustrates  displacement  recordings  mads  with  the  interferometer.  Tha  flrat  waveform 
is  that  of  the  piexoelectrlc  crystal  excited  with  s 20  usee  40  V pulse,  tha  second  la  that  of  tha 
loudspeaker  excited  with  a 20  usee  0.16  V pulse,  the  third  the  typical  response  of  a lossy  dielectric 
disk  exposed  to  s microwsve  pulsa,  and  the  last  is  the  response  of  a 3 cm  diameter  3 cm  long  cylinder 
cut  from  a slab  of  spongy  Eccosorb  ANW-77  absorber.  Tha  latter  was  interesting  since  the  displace- 
ment per  unit  of  incident  energy  wss  greater  than  for  any  of  tha  other  dielectric  materials  tasted, 
probably  dua  to  ita  lower  density  and  greater  compressibility.  The  slight  delay  between  tha 
application  of  tha  prise  and  first  sign  of  displacement  is  also  of  interest.  The  displacement 
waveforms  provided  both  maximum  displacement  and  frequency  of  oscillation  information  usaful  for 
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making  estlmat as  of  internal  ptumti.  In  all  emii  the  acoustic  response  of  the  disks  to  the 
Incident  microwave  pulses  mu  sod  ibis  to  nearby  observers. 

Table  VI  suBBsrlsss  the  measured  power  absorption  and  acoustic  characteristics  of  the  exposed 
disk  sanples.  The  neaaured  dielectric  properties  sod  asaple  thickneseeas  are  given  in  the  first 
three  columns.  The  respective  measured  peak  absorbed  energy  densities  per  pulse,  the  nsxinun 
res  electric  field  strengths,  and  the  nanism  measured  displacements  of  Che  flat  surface  of  the 
disks  are  tabulated  In  the  next  thrae  columns.  A rough  estimate  of  the  internal  peek  pressure 
vibration,  p.  In  the  disk  was  determined  for  each  csss  from 


where  S is  the  measured  displacement,  p • 1.12  X 10*  kg/»3  is  the  measured  density,  v - 2400 
m/sec  id  the  measured  velocity  of  sound  propagation,  and  T was  the  period  of  vibration  of  the 
disks.  ° 

In  order  to  appreciate  the  significance  of  the  calculated  pressures,  It  Is  useful  to  compare 
them  to  pressures  derived  from  Equation  (2)  for  tha  semi-lnflnlte  medium  (free  surface)  using  the 
asms  Internal  measured  field  strengths  and  dielectric  properties.  The  mechanical  properties  of 
the  nonloaded  polyester  plastic  wars  used.  These  calculated  pressures  ere  tabulated  in  the  last 
column  of  Table  VI.  It  Is  clear  that  tha  pressures  listed  in  the  last  two  columns  of  the  table 
exceed  the  calculated  radiation  pressure  of  3.6  X 10~2  dyne/cm2  by  many  orders  of  magnitude.  It 
la  also  clear  that  the  Induced  oscillatory  pressures  in  the  exposed  sample  disks  ere  far  shove 
those  predicted  for  e fluid  with  the  dielectric  properties  of  brain  matter.  The  disk  oscillations 
produce  aounoo  similar  to  the  microwave  evoked  "clicks"  sensed  In  the  human  auditory  system.  The 
large  difference  In  pressures  betwaen  that  calculated  for  liquids  end  the  solid  disk  are  certainly 
consistent  with  ou.-  failing  to  detect  any  displacement  in  liquid  or  gall  materials.  Foster  and 
Finch's  [18]  measurement  with  s more  sensitive  hydrophone  did  detect  the  acoustic  disturbances  in 
the  liquids,  however.  i!e  theorised  that  the  actual  hearing  sanaation  is  mediated  by  high  recurrence 
rate  multiple  reflectiona  of  the  acoustic  disturbances  within  the  head  or  portions  of  the  skull. 

This  is  evidenced  by  the  fact  that  the  band  limited  SO  Ha  — IS  kHs  nolsa  did  not  affect  the 
threshold  of  svoked  potentials  In  the  cat  to  the  microwave  stimuli  ss  it  did  for  the  acoustic  stimuli. 
It  Is  known  that  cats  perceive  hither  frequency  through  both  sir  and  bone  conduction.  The  nature 
of  the  induced  acoustic  disturbance  Is  further  elucidated  in  the  following  section. 

E.  MICROWAVE  INDUCED  COCHLEAR  M1CR0PH0MCS  IN  GUI HE A PIGS 


Previous  failures  to  observe  microwave  evoked  cochlear  microphonics  (CM)  in  experimental 
animals  exposed  to  microwave  pulaea  are  probably  due  to:  (1)  the  frequency  of  CM  la  higher  than 

the  frequency  response  of  recording  equipment,  (2)  the  ulcrovave  energy  Is  too  low  to  elicit  a 
detectable  CM,  and  (3)  the  CM  may  be  burled  In  a large  microwave  artifact.  Ones  tha  above  problems 
are  avoided  or  minimised  the  existence  of  microwave  evoked  cochlear  microphonics  can  easily  be 
demonstrated  ss  dons  by  Chou,  et  si.  [11]. 

They  used  guinea  pigs  weighing  400-600  gm  which  were  aneathetised  with  pentobarbital  sodium 
(40  mg/ kg,  IP)  s::4  allowed  to  breaths  normally  through  an  inserted  tracheal  cannula.  After  exposing 
either  tha  right  or  left  bulla,  a fine  (microwave  transparent)  carbon  lead  was  placed  against  the 
round  window  and  cemented  onto  the  bulls.  An  indifferenct  electrode  was  connected  ot  the  nearby 
tlasua.  A test  was  then  made  to  determine  the  magnitude  of  the  cochlear  produced  by  acoustic 
clicks.  If  tha  maximum  amplitude  was  greater  than  0.5  mV,  the  head  of  the  guinea  pig  was  placed 
through  a hole  Into  s circular  waveguide.  The  waveguide  was  matched  so  the  microwave  power 
propagating  In  the  TE^  mode  was  completely  absorbed  by  the  75g  head  of  tha  subject,  ly  transferring 
all  of  tha  available  power  of  the  10  kW  microwave  pulaa  generate r directly  to  tha  head  of  the 
animal,  they  were  able  to  produce  an  average  absorbed  power  density  of  1.33  joules/kg  In  the  head. 

This  is  one  order  of  magnitude  greeter  then  the  maximum  energy  per  pules  delivered  In  previous 
experiments  by  radiation  fields.  It  Is  sstimctsd  that  a radiation  energy  density  of  0.125  to  3.32 
mJ/cm2  per  pulse  would  have  to  be  delivered  to  produce  the  asms  affect.  Microwave  pulse  artifacts 
were  considerably  reduced  by  placing  tha  irradiation  equipment  and  subject  In  a shielded  room  and 
transmitting  tha  recorded  signals  via  coaxial  leads  to  a preamplifier  outside  tha  room.  The  sound 
level  in  the  region  of  the  head  of  tha  guinea  pig  was  about  55  dB  mainly  due  to  the  nolae  produced 
by  the  microwave  pulse  generator.  The  enlmala  were  radiated  Intermittently  for  1.5  min  by  918  MHs 
microwave  pulses  of  1-10  utec  In  duration  and  100  ppa  repetition  rate  at  various  peak  power  levels 
below  10  kW.  Tha  responses  were  recorded  on  a magnetic  tape  system  with  a frequency  raaponac  of 
80  kHs.  After  a 3-5  hr  experiment,  tha  animals  ware  sacrificed,  either  by  an  euthanasia  agent  or 
anoxia.  Tha  animal  reeponaea  were  recorded  until  the  physiological  potentials  disappeared  completely. 
The  recorded  data  was  averaged  off-line  by  a computer  of  average  transients. 

Fig.  9 shows  the  electrical  responses  at  the  round  window  of  a guinea  pig  stimulated  with 
acoustic  clicks.  Tha  response  conalats  of  cochlear  microphonics  (CM)  and  both  N]  and  n*rve 
responses.  The  Inversion  of  the  CM  due  to  reversing  the  polarity  of  the  electrical  pulses  delivered 
to  tha  apeaker  Is  also  seen  In  Fig.  9. 

Fig.  10  shows  tha  round  window  response  of  tha  same  guinea  pig  stimulated  by  microwave  pulses. 

In  addition  to  Nj  and  Ng,  th*  cochlear  microphonics  immediately  follow  the  microwave  stimulus.  A 
time  expansion  of  the  CM  Is  also  shown  In  the  figure.  The  microwave  evoked  CM,  approximately  50  IcHa 
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la  frequency,  50  wV  la  aaplitude,  ori  200  unc  ta  duration  vara  obaarvad  in  fiva  preparation*, 
satisfying  tha  acouatle  sensitivity  taata. 

A coapariaon  of  tha  CM  evoked  by  alcrowava  pulaaa  of  10  paae,  5 uaac,  and  1 waac  at  the  a ana 
peak  power  of  10  kW  la  ahown  in  Fig.  11.  Theae  tracaa  are  avaragaa  of  400  reaponaaa  replayed  from 
tha  tap*.  Raeh  of  the  tracaa  ahowa  an  artifact  at  the  left  of  the  figure.  Oua  to  tha  United 
frequency  reaponaa  of  tha  tape  recorder,  tha  tranaient  duo  to  tha  alcrowave  artifact  la  60  waac 
lnataad  of  50  psac,  aa  aean  for  the  on-lin*  record  in  Fig.  10.  Although  tha  praaance  of  CM  ia 
evident,  the  onaet  of  theae  CM  ia  nasked  by  the  artifact.  Fig.  11  ahowa  that  the  frequency  of 
the  CM  atayed  tha  aaae  but  an  indicated  at  the  right  of  the  figure,  the  aaplltud*  of  the  CM 
dropped  for  narrower  pulaaa  eince  there  waa  leaa  energy  absorption.  Thla  figure  alao  indicate* 
that  the  oaclllatlona  of  CM  occurred  at  approainately  the  a ana  latency  after  the  onaet  of  the 
nlcroweve  pulse*.  W*  conclude  fron  Fig.  11  that  a physiological  response  tine- locked  to  the  onaet 
of  alcrowave  pulse*  la  generated  within  the  guinea  pig's  cochlea.  Since  the  CM  ia  followed  by 
auditory  nerve  activity  (M()  after  an  interval  of  tine  that  closely  reaanbla*  that  seen  in  the 
acouatlcallv  stimulated  ear  (Fig.  9),  it  aeeaa  reasonable  to  aaalgn  this  event  to  hair  cell 
activation. 

After  the  eniaal  was  sacrificed,  either  by  anoxia  or  an  euthanasia  agent,  the  and  Nj 
responses  diminished  earlier  than  the  CH.  (The  sane  phenomenon  occurs  during  acoustical  stimulation). 
After  the  aninal's  death,  neither  CM  ncr  Nj  and  Nj  could  be  obaerved,  although  the  artifact 
peraletod.  This  result  indicates  that  the  50  kHs  oscillatory  signal  la  a ganulna  physiological 
reaponae. 

Aa  ahown  in  Fig.  12,  the  saplltudea  of  CM  and  Nj,  ea  well  ea  the  latency  of  the  Nj  reaponae, 
varied  aa  a function  of  the  average  energy  absorption  density  per  pulae.  The  CM  amplitude 
saturation  seen  with  high  intensity  microwave  stimulation  finally  resemblea  its  behavior  at  high 
sound  pressure  levels  [20). 

The  50  kHs  CM  frequency  seems  related  to  a resonance  phenomenon  dependent  on  the  site  of  the 
animal  skull  as  suggested  by  Foster  and  Finch  [18].  Since  individuals  with  high  frequency  hearing 
losses  (above  10  kHs)  cannot  hear  the  microwave  pulses,  tha  frequency  of  microwave  CM  probably 
lies  between  10-20  kHs  for  the  human.  For  a head  sise  like  that  of  the  cat,  the  frequency  of  the 
alcrowave  CM  can  be  estimated  to  be  between  20-50  kHs . This  estimate  is  also  consistent  with  the 
fact  that  a masking  noise  of  50  Hx  - 15  kHs  did  not  affect  the  threshold  of  evoked  response  in  the 
medial  geniculate  of  cats. 

F.  TEST  OF  MICROWAVE  INDUCED  HEARING  IN  RATS 


Recently  we  have  been  able  to  demonstrate  that  rats  can  hear  pulsed  microwaves.  In  this  study, 
a food  deprived  rat  was  restrained  in  a plexiglass  cylinder  and  trained  on  continuous  reinforcement 
to  make  a nose-poke  operant  thereby  breaking  a photo  cell  beam  and  receiving  a food  pellet  for  the 
response.  Subsequently,  the  rat  was  trained  to  make  the  same  response  on  an  ascending  series  of 
variable  ratio  (VR)  reinforcement  schedules  until  the  animal  was  responding  on  a VR10  at  over  20 
responses/mln.  Finally,  the  rat  operant  was  brought  under  stimulus  control  by  differentially 
reinforcing  and  extinguishing  the  response  during  the  presence  or  absence,  respectively,  of  a 7 kHs 
speaker  click  of  approximately  60  dB  intensity  at  a 100  Hs  repetition  rate.  When  the  animal  was 
consistently  responding  at  802,  or  better,  correct  (in  the  "go"  interval),  it  was  considered,  at 
criterion.  Subsequently,  the  animal  was  probed  with  pulsed  microwaves,  during  various  "no  go” 
Intervals  (periods  of  non-responding)  and  the  effect  of  this  procedure  was  to  Induce  responding  in 
the  rat,  thus  demonstrating  that  price  behavioral  control  by  auditory  clicks  was  generalised  to 
microwave  clicks. 

G.  CONCLUSIONS 

It  has  been  shown  that  the  threshold  for  microwave  pulse  evoked  auditory  sensations  or  rssponses 
In  both  humans  and  cats  is  related  to  the  incident  energy  per  pulse  with  values  of  approximately 
2C  uJ/cm2  for  cats  to  40  uJ/cm2  for  humans  for  pulses  less  than  30  usee  wide.  This  corresponds  to 
an  estimated  peak  absorbed  power  density  of  10  to  16  uJ/kg  as  measured  in  the  cut  head  and  approxi- 
mately 16  mj/kg  as  estimated  for  a human  head.  This  energy  density  is  capable  of  increasing  the 
tissue  temperature  by  only  5 X 10”6*C.  As  background  noise  (50  Hs  - 15  kHs  bandwidth)  was  Increased, 
the  threshold  for  evoked  responses  in  the  medial  geniculate  nucleus  of  the  cat  remained  stable  for 
pulsed  microwave  stimuli  but  Increased  for  acoustic  stimuli.  This  would  tend  to  indicate  that  the 
microwaves  may  be  Interacting  more  with  the  high  frequency  portion  of  the  auditory  system.  With 
the  exception  of  the  absence  of  the  cochlea  microphonics  at  the  round  window,  all  evoked  potentials 
in  cats  due  to  microwave  stimulation  were  similar  to  those  due  to  stimulation  by  acoustic  clicks 
from  loudspeaker  (air  conduction)  and  a plesoelectrlc  transducer  (bone  conduction)  attached  to  tha 
skull.  It  was  shown,  however,  that  the  cochlea  microphonics  could  be  recorded  in  guinea  pigu 
exposed  to  microwave  pulses  when  sufficient  incident  power  was  used.  The  frequency  of  tha  micro- 
phonics  (50  kHt)  in  guinea  pigs  supports  a hypothesis  that  a vibration  la  set  up  in  the  head 
corresponding  to  its  acoustical  resonant  frequency.  Since  cochlear  destruction  resulted  in  total 
loss  of  all  evoked  potentials  due  to  microwave  and  acoustic  stimuli,  there  is  strong  support  for 
the  contention  that  the  microwave  uudltory  effect  is  exerted  on  the  anlmil  in  the  same  manner  aa 
conventional  acoustic  stimuli.  Radiation  pressure  was  ruled  out  as  a probably  cause  of  the  evoked 
response  since  it  is  both  too  low  in  magnitude  and  Inconsistent  with  the  known  threshold  behavior 
for  acoustic  pulses.  The  meat  likely  mechanism  of  electromagnetic  field  interaction  appear*  to  ba 
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conversion  of  EH  energy  to  acoustic  energy  due  to  thermal  axpanalon  In  the  tlaauaa  within  tha  hand. 
Thia  ia  based  on  thalr  rnlatlvnly  high  pradlctnd  and  measured  valuaa  in  liquid  and  aolid  meter tale 
exposed  to  microwave  pulse*.  Thla  hypothaala  ia  furthar  reinforced  by  tha  fact  that  tha  behavior 
of  tha  aaaaurad  thraahold  charac tar latlca  with  pulaa  width  agraa  with  thoaa  predicted  by  tha  thermal 
axpanalon  theory.  It  haa  baan  ahown  by  aaana  of  a Mlchalaon  interferometer  that  displacements  and 
forcaa  Induced  In  loaay  dielectric  dink  samples  by  Incident  aicrowava  pulaaa  ara  many  ordara  of 
aagnltude  above  tha  thraahold  valuaa  for  hearing.  Tha  lntaraction  with  tha  abaorblng  Material  waa 
sufficiently  atrong  that  it  waa  audible  to  nearby  observers. 

A prerequisite  for  Interaction  with  the  aaterlal  la  that  the  dielectric  constant  or  conductivity 
be  aufficlently  high  and  the  frequency  proper  to  allow  for  a penetration  of  energy  and  loss  over  an 
appreciable  fraction  of  the  voluaa  when  the  object  la  expoaed  to  a aicrowava  pulaa.  Microwave 
absorber  materials  need  to  reduce  reflectiona  and  solid  materlala  with  the  dielectric  proper t lea 
cloaa  to  human  tlaauee  aeem  to  fulfill  the  above  requirements.  Tha  fact  that  the  sounds  ara 
mediated  by  pulse  energy  levels  sufficient  to  raise  the  tissue  temperature  only  5 X 10~®*C  points 
out  the  extreme  cave  that  one  must  exercise  in  classifying  an  effect  as  thermal  or  non-thermal  based 
simply  on  the  level  of  temperature  increase. 
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TAIL!  I THRESHOLD  OP  MICROWAVE  WOOD  AUDITORY  USPORSBt  IK 
HUMAN  (2430  Mb  3 PULtKS/SEC)  BACXG ROUND  NOIU  45  DR 


Ktf  INCIDENT  I A VC  INCIDENT  POWER  I PULS  I WIDTH  I ENERGY  DENSITY/ 


nun  (v/cn*) 


(wW/cm2) 


PULSE  (yj/ca2) 


PBAR  AR80RHD 
ENERGY  DENSITY 
PH  PULSE** 
<■ J/kg ) 


40 

120 

1 

40 

ie 

20 

120 

2 

40 

16 

12.3 

120 

3 

40 

14 

IP 

f 

120 

4 

40 

14 

: « 

120 

5 

40 

14 

4 

120 

10 

40 

14 

2.33 

103 

15 

33* 

14 

2.13 

129 

20 

43 

1? 

1.8 

135 

25 

43s 

18 

1.25 

120 

32 

40 

14 

1.  Threshold*  for  subject  #1  In  Fit.  1 

2.  28  with  earplugs. 

3.  535  for  subject  #2  In  Fig.  1 

4.  Based  on  absorption  In  equivalent  spherical  model 
of  head. 


TABLE  II  THRESHOLD  EVOKED  AUDITORY  RESPONSES  IN  CAT 
2430  MHt  (ONE  PULSE/SEC)  BACKGROUND  NOISE  64  DB 


PEAK  INCIDENT 
POWER 
DENSITY 
(W/cm2) 

AVG  INCIDENT 
POWER 
DENSITY 
(uW/cm2) 

PULSE  WIDTH 

(US) 

INCIDENT  ENERGY 
DENSITY  PER 
PULSE  (uJ/ciu2) 

PEAK  ABSORBED 
ENERGY  DENSITY 
PER  PULSE 
(•J/kg) 

35.6 

17.8 

0.5 

17.8 

10.1 

17.8 

17.8 

l 

17.8 

10.1 

10.0 

20.3 

2 

20.3 

11.6 

5.0 

20.3 

4 

20.3 

11.6 

4.0 

20.3 

5 

20.3 

11.6 

2.2 

21.6 

10 

21.6 

12.3 

1.9 

28.0 

15 

28.0 

15.9 

1.7 

33.0 

20 

33.0 

18.8 

0.6 

15.2 

25 

15.2 

8.7 

1.5 

47.0 

32 

47.0 

26.7 

Research  was  conducted  according  to  the  principles  enunciated  in  the  "Quids  for 
Laboratory  Animal  Facilities  and  Care"  prepared  by  the  National  Acede&y  of  Sciences 
National  Research  Council. 
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TAKE  tit  THRESHOLD  OF  EVOKED  AUDITORY  RESPONSES  IN  CAT 


911  Mil  (ONE  FUIIE/ SEC)  BACKGROUND  NOISE  64  DB 


PEAK  INCIDENT 
POWER 
DENSITY 
(W/ca2) 

A VC  INCIDENT 
POWER 

DENSITY 

(uW/ca2) 

PULSE  WIDTH 
(ws) 

INCIDENT  ERERCY 
DENSITY  PER 
PULSE 

(pj/eal) 

PEAK  ABSORBED 
ENERGY  DENSITY 
P|R  PULSE 

5.80 

17. A 

3 

17.4 

12.3 

3. 8S 

19.4 

3 

19.4 

13.8 

2.26 

22.6 

to 

22.6 

16.0 

1.37 

20.6 

IS 

20.6 

14.6 

1.17 

20.6 

20 

20.6 

16.6 

0.97 

24.3 

25 

24.3 

17.2 

0.80 

2S.3 

32 

28.3 

20.0 

TABLE  IV  THRESHOLD  OF  EVOKED  AUDITORY  RESPONSES  IN  CAT* 


X BAND  (ONE  PULSE/SECOND) 
BACKGROUND  NOISE  64  DB 


APPROXIMATE  VALUES 

PEAK  INCIDENT  POWER  (W/ca2) 

14.8  TO  38.8 

AVG  INCIDENT  POWER  (yV /cm3) 

472  TO  1240 

PULSE  WIDTH  (us) 

32 

ENERCY  DENSITY/PULSE  (uJ/ea2) 

472  TO  1240 

•Application  of  power  directly  to  top  of  exposed  skull 
required  to  elicit  responses. 


TABLE  V COMPOSITION  AND  ELECTRIC  PROPERTIES  OF  DIELECTRIC  DISKS 


FREQUENCY 

(MHa) 

MATERIAL* 

DIELECTRIC 

CONSTANT 

c* 

CONDUCTIVITY 
a (mho/m) 

ACETYLENE  BLACK 
CONTENT* 

(X) 

LAMINAC 

4110** 

(X) 

918 

l 

99 

6.41 

0.266 

918 

2.5 

97.5 

14.12 

1.817 

918 

5 

95 

20.00 

3.316 

2450 

1 

99 

5.25 

0.370 

2450 

2.3 

97.5 

10.47 

2. 126 

2450 

5 

95 

16.45 

3.734 

’"a  email  amount  of  catalyst  was  added. 
*Product  of  Shawlntgan  Products  Corp. 
‘•Product  of  Aaarlcan  Cyanaald  Co. 
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TAILS  VI  COUPLED  EM  ENERGY1  AMO  ACOUSTIC  PROPERTIES 
OP  EXPOSED  DIELECTRIC  DISKS 


D I ELECT 

t * 

RIC  PROP. 
o(*ho/a) 

SAMPLE 

THICKNESS 

(cm) 

MAX  ABSORBED 
ENERGY  DENSITY 
PER  PULSE 
(J/kR) 

PEAK  ELECTRICAL 
FIELD 
(KV/m) 

MEASURED 

DISPLACEMENT 

(A) 

CALCULATED 
PRESSURE2 
FOR  DISK 
(DYNE/cm2) 

PRESSURE  FOR 
SEMI-INFINITE 
DIELE.  MEDIUM^ 
(DYNE/cm2) 

6.41 

0,266 

4 

0.96 

14.19 

28 

993 

2397 

2 

1.02 

14.66 

36 

2553 

2559 

0.5 

2.24 

21.73 

47 

4546 

5619 

14.12 

1.817 

4 

1.33 

6.40 

36 

1277 

1263 

2 

1.72 

7.29 

38 

2696 

1638 

0.5 

7.00 

14.69 

48 

4643 

6651 

20.00 

3.316 

4 

l.'j}  '| 

5.06 

48 

1703 

1053 

2 

1.66  j 

5.32 

66 

4682 

1164 

4.84  j 

9.04 

74 

7157 

3360 

r 1,  918  MM*.  20  |i  second,  1.0?  mJ/cm2  Incident  microwave  pulses. 

[ 2.  Baaed  on  Equation  (7). 

■ 3.  Magnitude  of  estimated  field  Induced  pressure  In  seml-lnf lnlte  dielectric  medium  based 

: on  Equation  (2). 
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'V 

STIMULUS  ARTIFACT 
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ROOM  NOISE  SO  4b 


POSITION  OF  APPLICATOR 


17  CM  TO  RIGHT  OF  HEAD  MIDLINE 


CEMENTED  ON  FRONTAL  BONE 


8 CM  POSTERIOR  TO  OCCIPITAL  POLE 


Fig,  2 Evoked  responses  recorded  from  medial  geniculate  body  of  the  cat. 
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Fig.  3 Thermograms  showing  absorbed  energy  density  patterns  (per  pulse)  In  the  head 
of  cats  exposed  to  91S  Mb*  and  2450  Mbs  20  uJ/cm2,  20  usee  incident  pulses. 
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Fig.  4 Threshold  of  svoksd  aedlal  geniculate  responses  (svsrsgsd  for  5 to  5 cats) 
as  a function  of  background  not**. 


RECORDINGS  FROM  MOUND  WINDOW  OF  COCHLEA 
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Fig,  5 Responses  In  the  round  window  of  the  cat  cochlea  due  to  acoustic  and  nlcrowave 
stlaull. 
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Fig.  6 Cross-modal  CNS  responses  to  acoustic  and  microwave 
stimuli. 
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Fig.  7 Hie he Ison  Inter fsrosister  for  measuring  displacements  In 
dielectric  material  Illuminated  by  microwave  pulses. 
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VIBRATION  PATTERNS  OF  INTERFEROMETRIC  MEASUREMENT 


$ Displacement  waveforms  for  pulsed  acoustic  transducer*  and  for  lossy  dlalactrlcs 
illuminated  with  microwave  pulses. 


Fit*  * Round  window  rtiponiti  evoked  by  single  acoustic  click*!  click  phase  li 
reversed  in  upper  and  lower  traces. 


Fig,  10  Round  window  responses  evoked  by  a single  918  MH*  alcrovove  pulse, 
(10  usee  pulse  width,  1,13  Joule/kg  average  absorbed  power  density 
per  pulse).  Upper  trace  is  expansion  of  the  initial  200  usee  of 
lower  trace. 
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BIOLOGICAL  BFFBCTS  Of  ULTRASOUND 
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institute  of  Cancer  Research 

Royal  Martden  Hospital 
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1.  INTRODUCTION 

Ultraaound  comprises  mechanical  vibrations  occurring  in  the  frequency  range  abovg 
20  kHs  and  extending  in  practice  to  above  10  OHs . Its  physical  and  biological  proper- 
ties  vary  very  widely  over  this  frequency  range.  correapondincrly  there  is  a very  wide 
range  of  practical  applications,  each  with  different  possibilities  for  exposure  of 
human  beings  to  ultrasonic  energy. 

This  lecture  will  discuss  the  following  three  main  areas  of  knowledge  that  are 
necessary  to  understand  the  possible  haxards  from  the  use  of  ultrasound. 

(a)  The  actual  physical  exposures  encountered  by  humans  in  various  activities. 

(b)  The  nature  of  the  biophysical  interactions  of  ultrasound  with  humnr,  tissues. 

(c)  The  evidence  for  and  against  significant  changes  being  produced  in  living 
systems  by  the  action  of  ultraaound. 

A brief  discussion  of  protection  procedures  will  also  be  given. 

2.  PHYSICAL  EXPOSURES 

Humans  m.  / be  exposed  to  ultrasound  in  a variety  of  situations.  In  general  this 
will  be  either  deliberate  exposure  for  medical  reasons  (diagnostic  or  therapeutic)  or 
inadvertent  exposure  in  industrial  or  occupational  situations.  In  the  medical  field 
there  is  now  considerable  interest  in  measuring  the  actual  levels  of  exposure  of 
patients  and  some  reasonably  good  data  are  available.  For  occupational  exposure  how- 
ever. no  systematic  data  on  human  exposure  levels  seems  to  be  available.  A summary 
o.r  exposure  levels  measured  for  medical  applications  is  given  in  Table  i and  a list  of 
some  of  the  major  occupational  sources  of  ultrasonic  exposure  is  given  in  Table  II. 

TABLE!.  Measured  Ultrasonic  Exposure  Parameters 


in  Common  Medical  Applications 

Parameters 

Pulse-Echo 

Diagnostic 

Doppler 

Diagnostic 

Therapy 

Nominal  Acoustic 
Frequency  (MHz) 

1 - (15) 

2-5 

1-3 

Average  Acoustic 
Power  (mW) 

0.3  - 21 

19  - 24 

0-25,000 

Peak  (Space-Time) 
Intensity  (W.cm-2) 

1.4  - 95 

0.003  - 0.023 

O - (25) 

Peak  Pressure 
Amplitude  (bar) 

2-17 

0.1  - 0.3 

0 - (8.5) 

Pulse  Duration  (ps) 

1 

•4 


Occupational  sources  of  Ultrasonic 
Sxpoeure  of  Humana 

Approx.  Frequency  Cosnents 

Range 

20  - 80  MM 

20  AH* 

1-10  MlO 

10  - 500  A HO 


3.  BIOPHYSICS  OP  ULTRASOUND  INTERACTIONS 

At  least  two  physical  mechanisms  of  ultrasonic  action  can  ba  identified  as  being 
biologically  effective:  cavitation  and  heat  generation.  there  is  a possibility  that 
additional  mechanisms  may  exist,  but  evidence  for  this  is  not  clearly  established . 

The  extent  to  which  cavitation  can  be  made  to  occur  in  the  human  body  in  vivo, 
even  under  extreme  ultrasonic  exposure  conditions,  is  still  very  uncertain.  Diagnostic 
conditions  of  exposure  (low  intensities  and/or  very  short  pulse  durations)  are 
generally  insufficient  to  induce  cavitation  even  in  nonviscous  liquids  and  it  is  thus 
particularly  unliAely  to  occur  in  vivo.  The  biological  effects  of  cavitation  in 
liquid  cell  suspension  system i is  predominantly  that  of  cell  death  by  disintegration. 
Associated  mechanical  damage  Co  surviving  cells  has  been  demonstrated  but  no  clear 
evidence  has  been  found  to  indicate  that  this  is  in  its  nature  either  mutational  or 
otherwise  indicative  of  significant  hasard. 

Beat  generation  can  be  an  affective  mechanism  for  ultrasonically  induced 
biological  change  in  intact  tissue  systems,  which  are  characterised  by  relatively  high 
ultrasonic  attenuation  coefficients  (of  the  order  0.1  (MHs) for  soft  tissues)  and  lew 
thermal  mobility.  Where  however  low  avarage  intensities  are  involved,  for  example  in 
diagnostic  exposures,  temperature  risen  may  amount  to  no  more  than  a small  fraction  of 
a degree. 

A phenomenon  that  can  be  significant  in  leading  to  heat  induced  damage  is  that  of 
mode-conversion,  which  characteristically  results  in  localised  deposition  of  heat  in 
the  region  of  bone  surfaces. 

Biophysical  evidence  for  other  possible  mechanisms  of  action  of  ultrasound  is 
insufficient  for  any  useful  assessment  of  hasard  and  further  evidence  in  this  direction 
must  at  present  be  sought  from  the  results  of  empirical,  screening  type  investigations. 

4.  SPECIFIC  EVIDENCE  ON  HAZARD  FROM  ULTRASOUND 

in  addition  to  the  above  biophysical  considerations,  there  are  two  main  lines  of 
evidence  on  the  existence  of  hasard  from  human  exposure  to  ultrasound:  from  screening 
investigations  and  from  epidemiology. 

4.1  Screening  Investigations 

A problem  that  runs  through  the  whole  question  of  the  possible  "hasard"  associated 
with  the  use  of  ultrasound  is  that  there  is  no  a priori  indication  of  the  nature  of  the 
hasard  that  might  be  found  to  occur.  The  most  serious  type  of  consequence  would  seem 
to  be  that  of  genetic  or  teratogenic  change  and  moat  of  the  screening  work  has  been  in 
this  direction.  Some  such  investigations,  primarily  concerned  with  diagnostic-type 
medical  exposures,  are  referred  to  in  earlier  reviews  (see  bibliography) . More 
recently,  systematic  investigations  have  been  carried  out  on  mice  irradiateo  under  con- 
ditions very  greatly  in  excess  of  those  used  in  diagnosis,  with  no  resulting  evidence 
for  effects  either  on  specific  genetic  damage  or  on  such  factors  as  gestation  time, 
fetal  weight,  litter  site  and  incidence  of  resorptions  and  abnormalities  in  pregnant 
mice  and  their  litters.  Some  investigators  > ve  reported  contrary  findings  but  in 
general  these  are  of  doubtful  validity. 


SAin  contact  possible. 
Order  of  1 AN.  Some 
power  in  audible  range. 


comparable  to  Medical 
pulse-echo. 

High  peak  power 
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Flaw  dstection 
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On*  line  of  investigation  to  which  considerable  effort  has  been  devoted  over  the 
peat  few  years  has  bean  that  of  the  possible  induction  of  chromosomal  aberrations  in 
living  cells  exposed  to  ultrasound.  this  is  a technique  widely  used  in  other  branches 
of  toxicology,  particularly  ionising  radiation,  and  its  intensive  application  in  ultra- 
sound was  stimulated  in  particular  by  a report  of  poaitivn  effects  following  rather  low 
intensity  (8mN/cm2)  exposures.  A number  of  useful  follow-up  studies,  including  seine 
attempts  by  the  original  author  to  repeat  his  own  work,  have  failed  to  confirm  the 
original  findings  and.  although  this  may  continue  to  be  an  interesting  and  important 
area  of  investigation,  the  current  concensus  of  evidence  here  is  overwhelmingly  against 
the  existence  of  any  effect,  at  least  under  medical  exposure  conditions. 

4.2  Epidemiology 

In  any  discussion  of  the  hasards  of  medical  or  occupational  exposures,  regardless 
of  the  nature  of  the  particular  agency  that  may  be  under  suspicion,  no  completely 
satisfactory  conclusion  can  be  drawn  that  does  not  rely  on  evidence  from  humsnst  “the 
proper  study  of  mankind  is  man".  Epidemiology  is  a demanding  science  and  to  produce 
fully  satisfactory  evidence  on  the  safety  of  ultrasonic  exposures  would  call  for  a 
study  involving  large  numbers  of  subjects,  extending  over  a period  of  a number  of  years 
and  preferably  designed  on  a prospective  basis.  No  such  study  has  yet  been  carried 
out  although  one,  at  least,  is  now  being  planned.  Meanwhile  the  only  evidence  of  this 
nature  comes  from  a retrospective  study  on  1114  apparently  normal  pregnant  women 
examined  by  diagnostic  ultrasound  in  three  different  centres  and  at  various  stages  of 
pregnancy.  A 2.7%  incidence  of  fetal  abnormalitien  was  found  in  this  group  as  compared 
with  a figure  of  4.8%  reported  in  a separate  and  unmatched  survey  of  women  who  bed  not 
had  ultrasonic  diagnosis.  Neither  the  time  in  gestation  at  which  the  first  ultrasonic 
examination  was  made,  nor  the  number  of  examinations,  seemed  to  increase  the  risk  of 
fetal  abnormality. 

No  comparable  studies  appear  to  have  been  made  on  occupational  exposures  to  ultra- 
sound and,  apart  from  occasional  reports  of  discomfort  and  possible  temporary  hearing 
impairment  (now  believed  to  be  due  to  audible  sound  components  sometimes  associated  with 
ultrasound),  no  accounts  of  serious  ill  effeete  or  accidents  have  been  published. 

5.  PROTECTION  PROCEDURES 

No  official  recommendations  on  health  protection  in  the  use  of  ultrasound  are  in 
existence. 

For  ultrasonic  therapy  there  is  an  unofficial  agreement  limiting  the  acoustical 
output  of  generators  to  3 W cm-2  (averaged  over  a transducer  face  of  area  approximately 
S cm2) . However,  actual  practice  does  not  always  conform  to  this  figure.  Appropriate 
recommendations  on  the  calibration  of  ultrasonic  therapeutic  devices  have  been  made  by 
the  International  Electrotechnical  Commission  in  their  document  IEC  ISO. 

For  medical  diagnosis  there  is  no  corresponding  agreement,  although  users  are  often 
concerned  to  limit  the  exposure  of  patients,  in  a manner  consistent  with  good  diagnostic 
performance,  by  controlling  output  pwer,  pulse  repetition  frequency  or  total 
irradiation  time. 

Until  good  and  representative  measurements  of  the  acoustic  intensity  levels 
encountered  in  practice  have  been  carried  out  it  will  not  be  possible  to  make  satisfac- 
tory recommendations  about  control  of  occupational  exposure  to  ultrasound.  Meanwhile 
the  following  practical  protection  measures  can  be  applied  : 

(a)  As  far  as  possible  limit  power  levels  employed  and  the  duration  of  their 

application. 

(b)  Avoid  unnecessary  acoustic  contact  between  machine  and  operator  (in  particular  use 

the  shielding  properties  of  air  and  low  density  materials). 

(c)  Recognise  that  the  ear  (because  of  its  design  and  function)  may  be  a critical  organ 

particularly  where  associated  p.udibls  sound  energy  may  occur. 
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SUMMARY 

Quantitation  of  the  biological  effects  In  subjects  exposed  to  elec troaagne tic  fields  requires 
that  both  the  fields  In  the  environment  and  within  the  exposed  tissues  be  measured.  Fields  in  the 
enviroraaent  can  be  measured  by  means  of  standard  off-the-shelf  field  survey  aster  sensors  consisting 
of  small  dipoles  with  diode  or  thermocouple-type  transducers  for  converting  microwaves  or  RF  energy 
to  proportional  electrical  signals.  Fields  and  associated  absorbed  power  density  in  the  tissues 
can  be  measured  by  means  of  thermocouples , thermistors,  fiber  optic  liquid  crystal  sensors,  and 
thermography.  The  quantitation  of  fields  associated  with  exposure  of  test  subjects  esn  bs  signifi- 
cantly simplified  by  a judicious  choice  of  exposure  techniques. 

A.  INTRODUCTION 

In  an  earlier  section  of  this  series,  "Biophysics  - Energy  Absorption  and  Distribution"  patterns 
of  absorbed  power  density  In  many  different  configurations  of  biological  tissues  exposed  to  various 
EM  sources  were  discussed  from  a theoretic  . randpolnt.  The  determination  of  absorbed  power  by 
theoretic  methods,  however,  are  limited  only  to  simple  geometic  shapes.  The  only  practical  way  to 
determine  these  patterns  for  Irregular  shapes  and  relate  them  to  exposure  fields  Is  through  carefully 
designed  instrumentation.  There  are  two  important  classes  of  Instruments;  the  first  pertains  to 
measurement  of  the  exposure  conditions  or  the  applied  fields,  and  the  second  pertains  to  measurement 
ot'  fields  and  associated  power  absorption  within  the  tissues.  The  latter  presents  some  very 
formidable  problems  indeed. 

Electromagnetic  fields  or  quantities  related  to  the  fields  can  be  measured  both  in  situ  and  in 
vivo  in  test  animals  or  even  humans  by  means  of  implanted  microwave  diodes,  thermocouples,  and 
thermistors.  Thermocouples  and  thermistors  were  used  extensively  In  the  past  for  measuring  the 
temperature  rise  in  tissues  exposed  to  radiation. ' There  are  several  problems  associated  with  the 
use  of  thermocouples  or  thermistors  to  ascertain  absorbed  power:  1)  the  element  senaes  only  the 
temperature  of  the  tissue  which  Is  also  a function  of  other  Mechanisms  such  as  thermal  dlffualon, 
blood  flow,  and  the  thermoregulatory  characteristics  of  the  animal;  2)  if  the  sensor  13  laft  in 
the  tissue  during  irradiation.  It  can  be  directly  heated  by  the  RF  fields  or  it  can  significantly 
modify  the  fields  and  the  associated  temperature  rises;  and  1)  the  sensor  is  relatively  insensitive 
to  low  power  densities. 

A method  that  eliminates  many  of  the  above  problems  is  the  use  of  thermography.  The  method  haa 
been  used  to  measure  surface  temperature  in  exposed  hairless  animals  [1],  It  Is  most  useful  In  the 
Indirect  measurement  of  Internal  temperature  and  absorbed  power  density  patterns  In  animal  carcasses 
or  phantom  models  of  human  or  animal  tissues  exposed  to  EM  fields  12 J. 

The  problem  of  field  measurements  both  outside  and  inside  of  the  exposed  subject  can  be  greatly 
simplified  through  the  use  of  appropriate  exposure  techniques  which  are  uniquely  associated  with 
the  type  of  subject  under  study.  The  techniques  and  typical  results  obtained  through  their  use  are 
discussed  In  detail  In  the  following  sections. 

B.  METHODS  OF  MEASUREMENT 

1 . Radiation  Survey  Meters 

Since  the  Radiation  Control  for  Health  and  Safety  Act  was  passed  In  1968  f 3 J , there  has  been 
considerable  improvement  in  radiation  survey  meters  for  measuring  radiation  power  densities  In  air. 
Typical  designs  are  illustrated  In  Fig.  1.  The  meter  usually  consists  of  a sensor  consisting  of  two 
or  more  orthogonal  electric  dipole  elements,  each  terminated  in  a thermocouple  or  microwave  diode 
element  and  coupled  via  small-diameter  high-resistance  wires  to  a voltmeter  calibrated  to  record 
power  density  directly  in  mW/cra^. 

A thermocouple  described  by  Aslan  (4]  consists  of  a pair  of  thln-fllm  vacuum-evaporated  electro- 
thermic  elements  that  function  as  both  antennu  and  detector.  The  sensor  materials  are  antimony  and 
bismuth  deposited  on  a plastic  or  mica  substrate,  all  secured  to  a rigid  dielectric  material  for 
support.  The  length  of  the  dipoles  is  small  compared  to  a wavelength  to  allow  the  unit  to  monitor 
power  with  minimum  perturbation  on  the  RF  field.  The  dc  output  of  the  sensor  is  directly  propor- 
tional to  the  RF  power  heating  the  element.  The  hot  and  cold  junctions  of  the  electrothermic 
element,  separated  by  0.75  mm,  are  in  the  same  ambient  environment,  thereby  providing  an  output 
relatively  Independent  of  ambient  temperatures.  With  the  thln-fllm  elements  oriented  at  90*  to 
each  other  and  connected  In  series,  the  total  dc  output  is  Independent  of  orientation  and  field 
polarization  about  the  axis  of  the  probe  and  Is  proportional  to  the  square  of  the  electric  field 
vector.  If  the  proportionality  constant  relating  E to  H is  known  or  remains  constant,  such  as  377  G 
In  the  far  field,  the  output  can  be  calibrated  In  terms  of  power  density.  In  the  near  field,  the 
meter  will  read  an  effective  power  density  or  simply  the  square  of  the  electric  field  divided  by 
377.  Lead  wires  carrying  the  dc  output  of  the  thermocouples  are  shielded  with  ferrite  materials  and 
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maintained  perpendicular  to  the  plan*  of  the  antenna.  They  will,  t bar afore,  bo  Invisible  to  the 
propagating  oavo  whoa  the  antoaao  ia  placed  parallel  to  the  photo  front.  Tho  4c  output  it  connected 
to  aa  electric  voltmeter  calibrated  to  rood  fiald  density  directly  la  M/e  a*.  Tkt  aotor,  shown  ia 
fi|.  a,  has  oa  appropriate  tint  coaatant  to  road  a wo  rape  power  whoa  the  aotor  ia  wood  to  aootMtro 
aodulatod  IT  power  deaalty.  The  disadvantage  of  rhia  aotor  oooflgwrotioa  to  that  the  output  froa 
the  ooooor  la  oatroMiy  frequency-sensitive  and  tba  aatar  auat  t - callbratad  tor  each  frequency. 

Io  odditioa,  since  the  dipoloa  lie  In  one  plena,  the  meter  teasing  probe  auat  bo  oriented  ao  proboa 
ore  parallel  to  tbo  IN  wore  froot.  Sosm  times  this  lo  lapoaoibla  ia  noor-cooo  ftoldo  wince  there 
aay  be  field  coaponoata  in  throe  orthogonal  directions.  Allan  (3]  haa  dewelopol  aa  improve* 
inotropic  wide- band  field  senior.  The  aonaor  la  coapoead  of  thraa  alaaaata  arrant  ad  in  ortlvojonal 
configuration.  The  olaaonta  shown  in  Fig. 3 ara  loaay  and  are  heatad  by  tha  field.  Kach  eluant 
conaiata  of  a ear lea  of  tbin-fila  thoraocouploo  deposited  on  a plastic  substrate.  Tha  inatruaant 
ia  used  whirs  tha  uawalangth  ia  long  coaparod  to  the  length  oC  the  thoraocouplo  atripo  and  since 
their  reaiataaca  la  wary  high,  field  perlubatlona  are  negligible  and  the  hasting  in  each  atrip  la 
proportional  to  tha  square  of  tho  oloetric  fiald  coaponent  along  It.  A signal  la  obtained  froa 
oech  strip  that  ia  proportional  to  tho  i*  hasting  of  tha  aleaant.  Tha  signals  froa  3 to  4 ea 
long  oloaonts  ara  auaaad  to  provide  a signal  proportional  to  tho  square  of  tho  total  electric  field. 
Since  tho  oleaents  ara  relatively  long,  however,  tha  Inatruaant  can  only  be  used  where  tha  f tleld 
vari ition  la  oaall  over  tha  region  occupied  by  tha  three  orthogonal  sensing  elements.  Tha  aster 
shown  in  Fig.  4 is  designed  to  operste  over  tha  .85  to  13  GHs  frequency  range  for  aeasuring  electric 
field  strength*  of  9 to  610  V/a  or  .02  to  100  *W/c*?, 

Another  typo  of  broadband  isotropic  field  sensor  hss  been  described  by  bowman  (S),  This  sensor 
consists  of  three  orthogonal  dipoles  with  diode  detectors  connected  between  the  arms  of  the  dipoles. 
The  aignala  froa  the  dipoles  are  conducted  independently  through  high-resistance  leads  that  are 
transparent  to  the  microwave  fields  to  the  instrumentation,  as  shown  in  Fig.  5.  For  low  intensity 
fields  that  have  wavelengths  that  ara  large  compared  to  tha  dipole  lengths,  tha  detected  signals 
froa  each  orthogonal  element  of  the  field  sensor  are  proportional  to  the  square  of  the  corresponding 
electric  field  components.  The  signals  ere  equalised  and  fad  to  a summing  amplifier  which  has  an 
output  proportional  to  the  |>|  « For  fields  with  high  intensities,  tha  non-linaar  characteristics  of 
tha  summing  amplifier  provide  an  extended  dynamic  range.  The  instrument  is  calibrated  to  display 
(1/4)  c0|kP,  the  electric  field  density.  Tha  meter,  shown  In  fig.  6,  la  useful  In  the  frequency 
range  .03  to  3 GHz  for  electric  field  strengths  of  .9  to  4750  V/a,  or  0.0002  to  6000  mU/cm  . 

Survey  meters  of  the  type  described  above  can  be  used  meaningfully  only  to  measure  power  density 
In  a radiation-type  field  or  the  square  of  the  electric  field  intensity  in  a naar-sone  fiald.  This 
information. ia  not  enough,  however,  to  indicate  what  la  happening  in  the  tissues  of  the  exposed 
subject.  These  problems  are  discussed  in  detail  in  the  following  sections. 

2.  Glass  Probe  and  Thermocouple  Combination 

All  the  problems  associated  with  measuring  temperature  and  absorbed  power  density  in  tissues 
with  thermocouples  discussed  previously  car  be  eliminated  through  s technique  that  utilizes  s small 
diameter  plastic  or  glass  tube  sealed  at  one  end  and  Implanted  at  the  location  where  a measurement 
of  the  absorbed  power  is  desired.  The  tube.  Illustrated  in  Fig.  7,  is  long  enough  so  that  the  open 
end,  fitted  with  a plastic  guide,  protrudes  froa  the  tissue.  A very  small  dlsmetsr  thermocouple  is 
inserted  into  the  tube  with  the  sensor  located  at  the  probe  tip  and  an  initial  temperature  is 
recorded.  The  thermocouple  la  quickly  withdrawn  from  the  tube  and  the  animal  is  exposed  under  the 
normal  conditions  of  the  experimental  protocol  with  the  following  exceptions.  Instead  of  using  the 
power  level  normally  chosen  for  a given  experiment,  a very  high  power  buret  of  radiation  of  duration 
sufficient  to  produce  a rapid  but  safe  temperature  rise  In  the  tissue  ia  applied  to  the  animal.  The 
thermocouple  is  then  rapidly  returned  to  its  original  position  and  the  new  temperature  la  recorded 
for  several  minutes.  The  temperature  versus  time  curve  la  then  extrapolated  back  in  time  to  the 
period  when  the  power  was  appllsd  and,  baatd  on  the  density  and  specific  heat  of  the  tissue,  the 
absorbed  power  density  is  calculated  from  the  difference  between  initial  and  final  extrapolated 
temperatures.  The  short  exposure  period  insures  that  there  is  no  loss  of  heat  due  to  cooling  or 
diffusion,  so  integration  of  the  energy  equation  over  the  short  time  period  t gives  VM  « 4.186  X 103 
cAT/t,  where  c is  the  specific  heat  of  the  tissue,  AT  the  temperature  change  in  degrees  Celsius,  and 
t the  time  of  exposure  in  seconds.  The  measured  absorbed  power  can  then  be  used  to  relate  the  input 

power  of  the  source  to  the  absorbed  power  in  the  tissue  under  normal  lower  power  exposure  conditions. 

3.  Thermistor  with  High  Resistance  Leads 

Miniaturized  thermistors  with  sufficiently  small  diameter  high  resistance  leads  can  be  used 
for  certain  measurements  in  tissues  exposed  to  EM  fields.  They  must  be  used  with  caution,  however, 
with  a clear  understanding  of  their  1 Imitations.  Even  though  the  high  resistance  leads  do  not 
appreciably  modify  tha  ganeral  field  patterns  in  the  tissues,  small  currents  can  be  induced  in  the 

wire  leada  producing  vary  high  current  densities  at  the  termination  of  the  leads  at  tha  thermistor. 

These  field  concentrations  can  produce  effects  in  the  cells  immediately  surrounding  tha  thermocouple 
tip  and  produce  sufficient  hasting  to  modify  the  temperature  seen  by  the  thermistor  itself.  These 
problems  can  be  alleviated  somewhat  by  surrounding  the  thermistor  with  a dislectric  material  to 
prevent  the  fringing  fields  from  concentrating  in  the  tissues  themselves.  This  would  tsnd  to  increase 
the  response  time  of  the  thermistor,  however,  due  to  tha  thermal  barrier  produced  by  the  dielectric 
material.  The  second  problem  can  be  eliminated  by  extending  the  thermistor  leads  beyond  the  sensing 
element  e sufficient  distance  to  remove  the  element  from  the  fringing  fields.  This  letter  approach, 
however,  cannot  be  Indiscriminately  used  to  monitor  temperetures  in  animals  whore  biological  effects 
are  simultaneously  being  wnltored  einca  in  many  caaee  affacte  on  calls  near  the  terminals  may 
contribute  to  the  general  affacta. 


4 . Hlcrowave  Diodes 
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The  same  technique*  Involving  microwave  diodes  and  dipoles  that  are  used  for  direct  meaeure- 
aent  of  fields  In  air  can  also  be  used  lu  tissues.  There  are  difficulties,  however,  since  the  ratio 
of  the  dipole  length  to  feedllne  separation  Dost  be  kept  large  to  Maintain  accuracy  while  at  the 
same  tiae  the  dipole  aunt  be  sufficiently  short  to  implant  with  a probe,  bowman  I ?|  proposes  an 
Implantable  diode  using  three  orthogonal  dipole  and  diode  rnahtnationa  of  this  type  with  small 
high  resistance  plastic  filaments  as  lead  wires.  Johnson  and  <Hiy,  ( 1 1 ) have  ueed  a microwave  diode 
with  pigtail  leads  cut  to  1/2  cm  as  a dipole  antenna  to  make  field  measurements  at.  the  brain  surface 
of  a cat.  The  major  problem  with  this  type  of  sensor  Is  that  it  must  be  calibrated  for  each  tissue 
that  It  Is  placed  In  to  account  for  changes  In  dipole  source  Impedance.  With  a proper  design, 
however,  the  Impedance  problem  could  conceivably  be  solved.  Recent  work  by  Bassen  (Hi  has  been 
directed  toward  this  type  of  measurement,  but  at  this  time  there  does  not  seem  to  be  any  eonf igoretlon 
that  has  been  tested  In  biological  tissues. 

5 . Tiber  Optic  Liquid  Crystal  Probe 

Johnson,  et  al.,  ( v]  has  developed  a probe  for  measurement  of  teeperature  In  tissues  under 
exposure  to  electromagnetic  fields.  The  probe  Is  essentially  transparent  to  the  electromagnetic 
field  since  it  does  not  possess  metallic  parts.  It  utilises  fiber  optics  to  transmit  Information 
to  and  from  a sensor  tip  that  consists  of  a liquid  crystal  thin  film.  The  sensor  tip,  which  is 
Inserted  Into  the  tissue  at  the  point  where  temperature  or  dosimetry  Information  is  needed,  consists 
of  a bulk  liquid  crystal  encapsulated  between  two  nested  mylarQ$)cupa  and  fitted  over  the  tip  of  the 
fiber  optic  bundle.  One-half  of  the  fiber  optic  strands  Is  used  to  transmit  red  light  from  a light- 
emitting  diode  Into  the  liquid  crystal  material,  and  the  other  half  carries  scattered  red  light  back 
to  a photo  detector.  Any  temperature  change  In  the  liquid  crystal  shifts  the  color  center  resulting 
In  a change  In  backscatterlng  of  the  red  light.  The  device  Is  capable  ol  providing  an  output  voltage 
change  of  20-40  mW/*C.  Tests  have  shown  that  the  probe  Is  capable  of  measuring  the  true  temperature 
In  tissues  exposed  to  electromagnetic  fields  without  producing  any  changes  In  the  field  configuration 
In  the  tissues. 

6.  Measur erne  n t by  Thermography 

Guy  (in],  and  Johnson  am!  t.tiy,  [ 1 1 ] have  described  a method  for  rapid  evaluation  of  absorbed 
power  density  in  tissues  of  arbitrary  shape  and  characteristics  when  they  are  exposed  to  various 
sources,  Including  plane  wave,  aperture,  slot,  and  dipoles.  The  method,  valid  for  both  far-  and 
near-aone  fields.  Involves  the  use  of  a thermograph  camera  for  recording  temperature  distributions 
produced  by  energy  absorption  In  phantom  models  of  the  tissue  structures.  The  absorbed  power  or 
magnitude  of  the  electric  field  may  then  be  obtained  anywhere  on  the  model  as  a function  of  the 
square  root  of  the  magnitude  of  the  calculated  heating  pattern.  The  phantoms  are  composed  of 
materials  with  dielectric  and  geometric  properties  Identical  to  the  tissue  structures  they  represent. 
Phantom  materials  have  been  developed  which  simulate  human  fat,  muscle,  brain  and  bones.  These 
materials  have  complex  dielectric  properties  that  closely  resemble  the  properties  of  human  tissues 
reported  by  Schwan  [12].  The  modeling  material  for  fat  may  also  be  used  for  bone  and  the  synthetic 
muscle  can  also  be  used  to  simulate  other  tissues  with  high  water  content.  A simulated  tissue 
structure  composed  of  these  modeling  materials  will  have  the  same  internal  fie..d  distribution  and 
relative  heating  pattern  in  the  presence  of  an  electromagnetic  source  as  the  actual  tissue  structure. 
Phantom  models  of  various  tissue  geometries  can  be  fabricated  as  shown  in  Fig.  8.  They  Include 
circular  cylindrical  structures  consisting  of  synthetic  fat,  muscle  and  bone,  and  spheres  of  synthetic 
brain  to  simulate  various  parts  of  the  anatomy.  The  models  are  designed  to  separate  along  planes 
perpendicular  to  the  tissue  Interfaces  so  that  cross-sectional  relative  heating  patterns  can  be 
measured  with  a thermograph.  A thin  (0.0025  cm  thick)  polyethylene  film  is  placed  over  the  precut 
surface  on  each  half  of  the  model  to  prevent  evaporation  of  the  wet  synthetic  tissue,  Tn  using 
the  model.  It  Is  first  exposed  to  the  same  source  that  will  be  used  to  expose  actual  tissue.  The 
power  used  on  the  model  will  be  considerably  greater,  however.  In  order  to  heat  it  in  the  shortest 
possible  time.  After  a short  exposure,  the  model  Is  quickly  disassembled  and  the  temperature  pattern 
over  the  surface  of  separation  Is  observed  and  recorded  by  means  of  a thermograph.  The  exposure  Is 
applied  over  a 5-  to  60-s  time  interval  depending  on  the  source.  After  a 3-  to  5-s  delay  for 
separating  the  two  halves  of  the  model,  the  recording  Is  done  within  a 5-s  time  interval,  or  less. 
Since  the  thermal  conductivity  of  the  model  Is  low,  the  difference  In  measured  temperature  distri- 
bution before  and  after  heating  will  closely  approximate  theheatlng  distribution  over  the  flat 
surface  except  in  regions  of  high  temperature  gradient  where  errors  may  occur  due  to  appreciable 
diffusion  of  heat.  The  thermograph  technique  described  for  use  with  phantom  models  can  be  used  on 
test  animals.  The  animal  under  test  or  a different  animal  of  the  same  specie:'.,  size  and  character- 
istics must  be  sacrificed,  however.  The  sacrificed  animal  is  frozen  with  dry  ice  in  the  same  position 
used  for  exposure  conditions.  It  is  then  cast  In  a block  of  polyfoam  and  bisected  in  a plane  parallel 
to  the  applied  source  of  radiation  used  during  the  experiment.  Each  half  of  the  animal  is  then 
covered  with  a plastic  film  and  the  bisected  body  is  returned  to  room  temperature.  The  same 
procedure  used  on  the  phantom  model  Is  then  used  with  the  reassembled  animal  to  obtain  absorbed 
power  patterns  over  the  two-dimensional  Internal  surface  of  the  bisected  animal. 
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ri|.  9 lllwtntH  the  tl»r*nH—  obtained  by  Ouy  (10]  for  t pint  hi layered  simulated  for 
and  ousel • »od«l  exposed  to  waveguide  ml  aperture  sources  of  varying  height  g,  aa  illustrated  la 
rig.  14.  Since  the  epeclfie  heat  end  density  of  the  fat  la  a factor  0.35  to  0.4S  emeller  than  that 
of  the  auecie,  the  temperature  curves  la  the  fat  (0  < s|  « 2.0)  mat  ho  reduced  by  thia  factor  to 
be  rspreesntat itfe  of  ahaorhod  yover.  When  thia  reduction  la  node  there  la  clone  correspond once 
between  these  experlmaatel  results  and  the  theoretical  results  diacuasad  hy  the  author  la  a previous 
section  of  this  aeries,  "biophysics  - Energy  Absorption  and  Distribution."  The  t homograph  canera 
was  set  to  obtain  a "C"  scan,  displaying  a two-dimensional  picture  of  the  entire  area  heated 
(intensity  proportional  to  tsnperature)  in  the  *-«  plane,  aa  ehown  la  the  upper  left  portion  of  each 
collection  of  themograne.  The  scale  on  the  oscilloscope  indicator  woo  not  so  that  one  large  division 
was  equal  to  2 on.  Tho  horleontel  aldllao  with  the  snail  subdivisions  on  sach  thomogran  corrssponds 
to  tho  a sals  of  tho  goonetric  contor  of  tho  aporturo  end  perpendicular  to  tho  flat  interfaces  of  the 
phentOM  tlsaue.  The  vertical  aidline  with  the  snail  subdivisions  corresponds  to  the  fat  end  Muscle 
lnterfecs.  Photographs  of  the  "I"  scans  ehown  on  tho  upper  right  of  tho  figure  were  also  taken  In 
the  x-e  plane  corresponding  to  various  depths,  a • 0,  .5,  1.0,  end  1,5  cn  in  the  synthetic  fat.  The 
photographs  which  ere  double  espoeuras  taken  both  before  end  after  Irradiation  of  tho  nodal  ere 
oriented  so  that  the  deflection  to  tho  left  is  proportional  to  the  temperature  as  a function  of  n 
(vortical  direction  on  photograph).  The  tsnperature  difference  AT  between  nuperlapoend  "I"  acaat  (with 
the  sent  vnrtlcal  a scale  as  the  "C"  scans)  is  approxlnately  proportional  to  the  absorbed  power 
density  distributions  and  the  square  of  the  electric  field  over  the  regions  scanned,  ea  described  in 
the  previous  section.  Temperature  acnln  corresponds  to  2.5*  por  division.  Tho  faally  of  scene  in 
tha  lower  right  of  tho  figure  were  recorded  for  nuncio  region.  Tho  "I"  scan  at  the  lower  left  of  the 
figure  is  e scan  taken  along  tho  a axle  of  tho  applicator.  Not#  tho  discontinuity  dun  to  tho 
difference  in  electrical  properties  of  tho  two  nod  la.  Tho  thomograns  clearly  show  that  the  fat  to 
ousels  heating  ratio  is  minimised  for  b • 13  cn  (b  • one  wavelength  in  fat)  end  beconee  excessive  for 
aperture  nelghta  less  then  1/2  wavelength. 

2.  Spherical  Tissue  Hodale  Exposed  to  Various  Souices 

Ng.  10  illustrates  the  results  of  applying  the  aethod  to  tho  simulated  spherical  brain 
structures  ehown  in  Pig.  8 (2].  Thermograms  at  the  left  of  tho  flguroa  are  "C"  scene  taken  over 
the  surface  of  the  asperated  hemisphere  while  the  thermograms  in  tho  middle  era  "B"  scene  taken 
before  end  nfter  exposure  to  the  microwave  sources  proportional  to  tho  absorbed  power  along  tho  ■ 
exlo  of  tho  spheres.  Thermograms  at  the  right  ere  also  scene  taken  along  the  x axis  of  each 
sphere.  The  graphs  below  the  "B"  scans  are  comparisons  between  theoretical  end  aeeeured  absorbed 
power.  The  results  agree  well  with  the  exception  of  tho  deviation  between  the  theoretical  end 
experimental  veluea  of  large  apherea  exposed  to  918  MU  power.  This  la  due  to  the  converging  fields 
of  tho  finite  aperture  source  that  wea  uaed  to  irradiate  tho  phantom  model  at  thia  frequency. 

3.  Circular  Cylindrical  Tleeuee  Exposed  to  Various  Sources 

Triple-layered  circular  cylindrical  tissue  models  roughly  simulating  portions  of  human  thigh 
end  arms,  shown  in  fig.  8,  were  exposed  to  a number  of  sources  ( 2 ].  The  large  cylinder  consisted 
of  simulated  bone  of  outside  rediua  1.9  at,  muscle  of  outelde  redluo  6.3  cm,  end  fst  of  outside  radius 
8.9  cn.  The  smeller  cylinder,  composed  of  tho  earn*)  materials,  had  respective  Interface  radii  of 
0.95,  3.18  and  4.45  cm.  Thermographs  were  taken  of  tha  models  after  they  were  exposed  to  a 2450  MHx 
approximate  plane  wave  source  constating  of  the  fav-xone  field  of  a horn  antenna  In  an  anecltolc 
chamber,  figs.  11  and  12  illustrate  the  resulte  in  terms  of  a standard  cylindrical  coordinate  ayetem 
corresponding  to  the  cylinder  geometry.  The  data  on  tho  left  aide  of  each  figure  were  taken  from  a 
R - ♦ plane  surface  of  tho  cylinder  with  tho  incident  magnetic  field  parallel  end  the  electric  field 
perpeodlculer  to  tho  t axle  of  tho  cylinder  at  ♦ ■ 0*.  The  data  on  tho  right  aide  of  tho  figure  were 
taken  from  tho  R - * plena  surface  of  t he  cylinder  with  the  incident  electric  field  parallel  end  the 
magnetic  field  perpendicular  to  tho  s axle  of  tho  cylinder  at  4 • 0* . The  "BM  scene  for  each  model 
were  taken  In  the  R - 4 plane  along  linos  corresponding  to  4 - 0*,  45*,  end  90*,  ea  marked  on  tho 
"C"  scene  of  each  left-land  figure.  The  single  "8"  scan  for  tho  right-hand  figure  wee  taken  along 
tho  R axle  in  che  4-0  plane.  The  temperature  information  two  converted  into  relative  hosting 
patterns  expressed  by  dotted  llnaa  end  compered  to  theory  as  expressed  by  solid  lines  in  the  figures 
below  tho  "B"  scans.  The  spetiel  aceles  ere  2 cn/div  end  the  temperature  scales  ere  2.5*C/dlv.  The 
theoretical  resulte  due  to  Ho,  ot  el  (13]  show  good  agreement  with  tho  measured  relative  hosting 
curves.  The  models  were  elso  exposed  to  other  type  sources  including  the  direct  contact  cavity 
applicator  illustrated  on  the  right  of  Fig  13  operating  at  750  end  915  MHx,  end  a coemerclal 
European  433  MHx  (12  cn  long  capecity-loedc  1 dipole)  diathermy  applicator  shown  st  tho  loft  of 
Fig.  13,  Tho  thermographic  rssults  from  exposing  the  models  to  tbase  linearly  polarised  sources  ere 
Illustrated  in  Flga.  15  end  16.  The  foi'met  for  each  figure  is  the  same  as  for  Figs.  11  end  12, 
except  all  "8"  scene  ere  limited  to  the  4-8  axis.  Theoretical  curves  due  to  a plane  wave  source 
ere  compered  to  the  experimental  results  for  those  cease  elso.  Although  tho  actual  sources  used 
were  finite  in  site,  the  agreement  in  the  results  for  tho  exposed  left  aides  of  tho  cylinders  ere 
surprisingly  close.  Tho  patterns  clearly  show  the  increased  penetration  of  tho  fields  into  tho 
muscle  and  the  decreased  field  amplitude  in  the  subcutaneous  fat  se  the  source  frequency  is  lowered. 
Reflections  from  tho  fet-muoclo  interface  ere  deer  at  all  frequencies,  while  reflections  from  tho 
bone  ere  apparent  only  at  the  lower  frequencies  where  penetration  is  sufficiently  deep  to  produce 
tho  visible  hosting  effects. 
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It  hit  k«M  shown  that  whan  ellipsoidal  biological  tissue  bodies,  snail  coapirid  to  a wave- 
length. era  exposed  to  plane  wave  fields,  the  abaorbed  power  deeeity  patterns  aey  be  obtained  from 
tha  simple  superposition  of  the  internal  electric  fields  obtained  froa  the  quasi-static  solutions 
of  the  electric  and  negnetlc  field  coupling  calculated  independently  1 14 ) . 1 15) . Thus,  the  solutions 
■ay  be  used  to  deteralne  the  absorbed  power  characteristics  tor  any  arbitrary  combination  of  electric 
end  negnetlc  fields  as  long  as  the  proper  relative  eeplltudea  end  phases  of  the  incident  field 
components  ere  used  whan  the  solutions  ere  superposed.  We  would  expect  similar  conditions  to  hold 
for  arbitrary  shapes  such  as  a figure  of  nan  as  long  ea  the  body  weight  is  saall  coopered  to  a 
wavelength.  The  major  problems  for  whole  body  exposure  of  a phantom  man  in  the  HP  hand  erei 
(1)  the  phantom  model  wculd  be  excessively  large  end  cumbersome,  and  (2)  the  HP  power  flux  densities 
required  to  produce  thermographically  measurable  temperature  Increases  would  require  impracticably 
high  transmitter  powers  end  large  antennas.  The  most  logical  approach  is  the  use  of  phantom  models 
of  men  scaled  down  in  slse  end  exposed  to  fields  scaled  up  in  frequency  |16),(17),{18).  This  can 
be  accomplished  by  the  use  of  synthetic  tissue  material  with  the  same  dielectric  constant  of  actual 
tissue  and  electrical  conductivity  and  exposure  frequency  increased  by  scale  factor.  The  power 
absorption  patterns  in  the  model  will  then  be  Identical  for  exposure  to  the  model  frequency  as  those 
for  the  full  acele  model  exposed  to  tha  modelled  frequency,  with  the  exception  that  the  magnitude 
of  the  absorption  will  be  increased  by  the  frequency  acele  factor  for  the  same  applied  field 
intensities.  This  provides  an  lamediate  advantage  of  lower  required  power.  At  the  wavelength  we 
are  concerned  with,  the  externally  applied  field  components  have  the  same  effect  on  the  power 
abeorptlon  components  whether  they  originate  from  a propagating  wave  or  e quaal-atatic  aource. 

Thus,  we  are  free  to  use  any  source  that  will  illuminate  the  model  with  uniform  electric  and  magnetic 
components.  The  reeonant  cavity  provides  the  moat  efficient  conversion  between  a given  amount  of 
source  power  to  high  intensity  electric  and  magnetic  field  components.  Fig.  17  illustrates  the 
phantom  scale  model  of  sun  exposed  to  the  fields  in  such  a resonant  cavity.  The  particular  cavity 
illustrated  was  designed  for  TMno  and  TE102  mode  resonance  at  144  MHa.  Bach  mods  can  be  fed  by  a 
separate  probe  with  variable  control  of  the  relative  phase  and  amplitude  of  the  power  delivered  to 
the  feeds.  A scale  model  man  or  other  exposed  subject  is  normally  oriented  in  the  center  of  the 
cavity  at  the  position  of  maximum  electric  field  and  aero  magnetic  field  for  the  T7<xi0  mode  and 
maximum  magnetic  field  and  saro  electric  field  for  tha  TExq2  mode.  The  resultant  elactrlc  and 
magnetic  fields  are  therefore  in  space  quadrature  and  Independently  controllable  in  phase  and 
amplitude  at  the  position  of  the  exposed  model  so  that  any  fiald  lmpadanca  condition  can  be  simulated, 
including  plane  wave  condltlona.  The  tope  of  Fig.  18  llluatretes  the  thermogrephlc  results  of  exposing 
a 4.3  cm  diameter  sphere  to  the  144  MHz  TMll0  electric  field  In  the  cavity  simulating  a 51.2  cm 
dianater  sphere  of  muscle  tissue  exposed  to  .'4.]  MHt.  In  this  case,  the  electric  field  was  parallel 
to  the  plenc  of  eeparetion  along  B-B’.  The  upper  left  of  the  figure  dlsplaya  the  intensity  or  "C" 
scan,  tha  upper  right  is  s profile  scan  with  multiple  linear  "B"  scans  across  the  surface,  and  e 
■Ingle  linear  scan  taken  before  and  alter  exposure  of  the  model  is  shown  along  the  line  A~A'  on  the 
Intensity  scan.  The  resulting  double  exposure  is  shown  directly  below  the  intensity  scan.  A similar 
double  scan  waa  taken  along  line  B-B',  Indicated  on  the  intensity  scan  and  brightened  along  the 
profile  scan.  Tha  results  are  shown  directly  below  the  profile  area.  The  measured  power  absorption 
waa  corrected  to  the  equivalent  value  for  the  full  scale  and  normalized  for  a square  rms  electric 
field  by  1 V/m  by  dividing  by  the  square  of  the  cavity  field.  The  experimental  and  theoretical  values 
of  W,  calculated  for  the  point  indicated  by  the  arrow,  is  shown  under  the  figures.  The  radius  K,  the 
frequency  scale  factor  sf,  and  the  frequency  f,  are  shown  at  the  top  of  the  figure.  The  bottom  of 
rig.  18  illustrates  the  results  of  exposing  the  sphere  to  the  magnetic  field  with  a similar  format 
for  the  display  of  the  thermographic  results.  In  this  case,  the  absorbed  power  characteristics  are 
normalized  to  a magnetic  field  Intensity  of  1 A/m. 

Tha  intensity  and  profile  scans  for  the  electric  field  exposure  show  very  little  absorbed  power, 
as  expected,  because  of  the  poor  coupling  of  the  electric  field  to  the  sphere.  Prior  to  exposure, 

Che  temperature  of  the  model  sphere  was  lower  than  the  surrounding  styrofoam  enclosure.  After 
axpoeura,  the  surrounding  enclosure  was  heated  more  than  the  synthetic  tissue  by  the  external  elsc- 
tric  fialds  producing  a halo  effect,  as  seen  on  the  intensity  and  profile  scans.  The  A-A'  and  B-B' 
cross-sections  of  the  synthetic  tissue,  however,  closely  correspond  to  that  expected  by  theory. 

Tha  edgas  of  the  spheres  are  Indicated  bv  the  Mte  lines  on  the  A-A*  and  B-B'  scans.  The  exposure 
of  the  sphere  to  the  magnetic  field  perpendicular  to  the  observation  plane  produced  the  classical 

absorption  pattern  increasing  with  the  square  of  the  distance.  Note  that  the  peak  value  of 

W * 0.366  V/kg  agrees  very  well  with  the  theoretical  value. 

Fig.  19  Illustrates  the  results  for  an  ellipsoid  simulating  a 70  kg  man  with  a/b  » 5.0,  a • 74.8  cm 
exposed  to  the  E and  H fields.  The  major  axis  of  the  ellipsoid  is  oriented  parallel  to  the  electric 
field  and  the  magnetic  field  is  perpendicular  to  the  plane  of  observation.  The  results  match  very 
wall  with  the  theoretical  distributions  predicted  by  Kquat ions  14-lb  in  a previous  section  of  this 

series  "Biophysics  - Fuel  e y A b s o r p t i o n in,:  ■>  i -•  t r i h u t i o n . " The  uniform 

absorption  due  to  the  electric  field  is  more  apparent  and  considerably  higher  than  that  of  the 
corresponding  spheres  (factor  of  44).  The  absorption  due  to  magnetic  coupling  is  changed  considerably. 
It  increases  rapidly  with  distance  from  the  major  axis  and  decreases  gradually  with  distance  from  the 
minor  axis  along  the  periphery. 

5.  Spheres  and  Ellipsoids  Exposed  in  Cavities 

In  a number  of  investigations  on  the  biological  effects  of  electromagnetic  radiation, 
metallically  enclosed  cavity-type  chambers  have  been,  or  are  being,  used  for  exposing  small  aniswla. 

The  major  advantages  of  this  method  are:  (1)  coupling  efficiency  is  high,  so  only  relatively  low 


pewmr  mrcM  in  mM,  (2)  outside  rMUilw  It  illalMtid,  >ww.to|  tiurtimci  to  other  win 
of  the  (nvmiTt  «ad  ()i  twlwtrr  U tmtiUy  ittyUtM  almcs  attk  fttfit  cavity  4aatpt  all  of 
the  ttmalUof  powar  which  la  a may  to  aoaowco  will  bo  ahasrfcod  by  tba  aataala. 

Ths  aajcr  disadvantages  of  tba  oat bod,  Koneva r,  a rat  (1)  difficulty  ia  relating  the  megaltuda 
of  tba  fialda  ia  tba  cavity  and  aaaociatad  affacta  o«  tba  aaiaala  to  tbo  caaa  at  baa aw  aayaaura  to 
a plaaa  uava  rad  lot  loo,  (2)  difficulty  ia  —term  In  lag  tba  dlatributloa  of  tbo  abaorbad  amergy  among 
tba  adjMto,  aad  (3)  difficulty  la  dotanalalac  tbo  diatributioa  of  icariy  batvaaw  tba  aaiaala  wad 
other  ebaorbeat  aatarlal  auch  aa  food  aad  uatar  wboa  aultiyla  aubjacta  or  objecta  arc  pres— t. 

Guy  and  Korbal,.  (Ill  have  ahouo  that  vhea  grouya  of  aaiaala  arc  capo  aad  la  cavltlea.  It  la  extremely 
difficult  to  oalatala  a coaataot  abaorbad  power  ralatloaahlp  la  aach  aalaal  with  raapact  to  the  power 
Incident  to  tba  cavity,  Ibe  rooulta  abov  varlatloaa  aa  great  aa  1000  to  1 ia  abaorbad  power  intensity 
la  tba  aalaal,  dap— ding  — ita  poaitlon  with  tba  roat  of  the  aubjccta  or  tta  poaltlon  within  tba 
cavity.  Contact  with  aetalllc  walla  or  at— derd-type  water  dlapenaara  c—  aleo  produce  serious 
problems . Measuram — to  with  a standard  power  density  —ter  sensitive  only  to  electric  fields  cannot 
be  used  to  predict  tba  power  absorption  la  a particular  anina 1 exposed  in  the  cavity  since  absorption 
nay  also  be  highly  dependant  on  the  magnetic  field  strength  which  tends  to  be  aaxiaun  in  regions 
where  the  electric  field  strength  la  aialaua.  Whan  single  objects  are  exposed  in  auch  chambers, 
however,  the  total  abaorbad  power  in  the  subject  can  be  —ally  determined  by  standard  me— a,  aa 
demonstrated  by  Justesen  aad  King  [20],  Hunt  and  Phillips  [2l]. 

The  technique  Involves  the  exposure  of  o single  subject  in  o high  Q cavity  auch  that  all  of  the 
power  entering  the  cavity  is  absorbed  by  the  animal,  thus,  the  total  absorbed  power  or  the  average 
absorbed  power  density  can  ha  calculated.  Unfortunately,  this  dose  not  give  — y information  on  hot 
spots  or  peak  absorbed  power  density.  The  thermographic  technique  described  previously  c—  be  used 
to  determine  this  in  phantom  models  or  actual  animal  bodies  providing  certain  precaution)  are  tab—, 
nodela  described  previously  were  bisected  along  lines  of  symmetry  with  aach  half  covered  with  a thin 
plaatlc  film.  Thus,  the  technique  is  only  applicable  to  linearly  polarised  fields  where  tne  object 
can  be  oriented  parallel  to  the  field  lines.  For  arbitrary-type  polarisation  auch  aa  existing  in 
cavities  or  in  more  general  exposure  conditions,  a different  technique  has  been  developed  by  Guy, 
et  si.,  (22).  Instead  of  using  a plaatlc  sheet  attached  to  each  half  of  a nodal,  a silk  screen 
layer  ia  stretched  vary  tightly  over  each  half  section.  Animal  tissue  matte,  or  modelling  — tarial 
will  flow  through  the  openings  in  the  silk  ecraen  providing  for  good  adhesion  end  electrical  coupling 
between  the  two  sections  of  the  model.  The  modele  can  easily  be  asperated  end  rejoined  repeatedly 
without  loaa  of  adhesion  or  electrical  continuity. 

A number  of  models  with  the  same  electrical  properties  as  human  or  beef  muscle.  Including  apharas 
6 cm  in  diameter  and  14  cm  in  diameter,  end  ellipsoids  with  axial  ratios  of  2.1  to  17.2  cm  were 
tested  in  2450  MHs  and  91S  MHs  standard  microwave  ovens  using  the  technique.  Each  oven  was  instru- 
mented so  that  the  incident  and  reflected  power  at  the  feed  to  the  oven  cavity  could  be  measured 
during  exposure.  The  Intact  models  were  exposed  in  each  oven  for  3-60  sec  and  thermograms  of  the 
plane  of  separation  were  taken  before  and  after  exposure  in  a manner  similar  to  that  described 
previously.  Scans  were  made  of  the  half-model  corresponding  to  the  three  major  planes  of  orientation 
as  Illustrated  in  Fig.  20  for  the  6 cm  dlam eter  spherical  model.  The  coordinate  system  was  defined 
with  the  origin  at  the  center  of  the  expoted  object  such  that  the  x axis  was  directed  toward  the 
front  of  the  oven  and  the  a axis  in  a vertical  direction.  Single  scans  wers  made  over  regions  of 
maximum  power  absorption  and  along  the  major  axis.  The  net  power  to  the  oven,  PR,  and  the  maximum 
abaorbad  power  density,  W_,  as  calculated  froa  the  thermograms  era  given  in  the  figures.  Since 
the  object  was  rotated  on  tne  s axis  on  the  standard  platform  in  the  918  MHs  oven,  the  patterns  In 
the  x-s  and  y-s  planes  are  identical  for  that  case.  Fig.  21  illustrates  the  patterns  for  the  14  cm 
diameter  sphere.  Fig,  22  for  the  ellipsoid  with  the  major  axis  oriented  along  the  x axis,  and  Fig.  23 
for  the  ellipsoid  with  the  major  axis  orisnted  along  ths  y axis.  The  observed  data  clearly  show 
the  pronounced  focueing  of  the  cavity  fields  in  the  center  of  the  smaller  spheres  as  observed  in 
past  work  for  spheres  exposed  to  plene  waves.  The  date  also  show  a marked  superiority  of  ths  918  MHs 
oven  in  terms  of  power  penetration  and  absorbed  power  uniformity  in  the  larger  objects. 

D.  WAVECUDE  EXPOSURE  SYSTEMS 


A vary  effective  and  economical  method  for  exposing  small  animals  or  in  vitro  preparations  ia 
through  the  use  of  s waveguide  system  where  the  preparation  to  be  irradiated  is  placed  in  the  wave- 
guide or  tranamlsalon  line.  This  method  is  a marked  improvement  over  a cavity  system  since  the 
fields  applied  to  the  preparation  are  truly  propagating  in  nature  and  contain  both  E and  H components. 
With  proper  choice  of  waveguide  or  transmission  line  else  the  fields  can  be  made  to  closely  approxi- 
mate those  of  a plane  wave.  The  advantages  are:  (1)  the  total  absorbed  power  or  average  absorbed 

power  density  in  ths  exposed  subject  or  specimen  can  be  determined  by  measuring  incident  and 
raflacted  power  at  the  feed  end  of  the  transmission  line  and  the  transmitted  power  at  the  terminal 
end  of  the  line  with  standard  instrumentation,  (2)  measurements  of  biological  signals  from  the 
preparation  can  easily  be  monitored  through  properly  designed  terminals  in  the  walls  of  ths  waveguide 
without  interference  to  the  equipment  and  minimum  disturbance  of  the  fields,  (3)  the  environment 
surrounding  the  subject,  whether  liquid  or  air,  can  easily  be  controlled,  (4)  nutrients  can  ba 
supplied  and  waste  removed  with  minimum  disturbance  of  the  fields,  and  (5)  a relatively  purs  field 
configuration  of  known  characteristics  can  easily  be  maintained.  Exposure  apparatus  ranging  from 
large  TEN  cells  for  exposing  dogs  and  monkeys  (23|,  (241,  medium  slxe  TEM  cells  for  rats  (25),  and 
small  waveguide  calls  for  exposing  mica  have  been  used  (26).  Additional  type  system a are  described 
below. 


%1 


1.  la  Vitto 


N|.  24  lUMtntM  a simple  wm|«14i  ayet—  for  i^mUi  mil  mtm  or  mooli  proton  t ime 
ift  »l*oo  III)*  (Ml.  Tha  ayetea  comeiats  of  o silver-plated  1-kMf  Mi  1H  wvt|«U*  ifityH  <»1U 
lmltt  oaf  out  lot  porto  for  circulating  fluids.  Tke  fluid,  which  usually  cooaioto  of  taoporotuto- 
cootrollod  —mol  loo  k lager'*  oo  1st  loo,  serves  oo  so  map-are  oowlraoaoot  fat  — Utoioiot  tht 
viability  of  a wlda  spnetr—  of  dlffaroat  U vitro  proper «t loo*,  k teapereturm-e— trolled  culture 
aodluo  coate  InUg  coll  culturoo  could  elec  be  uv—  la  such  a oyotaa.  11m  figure  depicts  a ganglion 
stretched  across  tbs  waveguide  be  twees  s set  of  stlmlatiag  electrics  on  tbs  pro-gaaflleolc  side 
(outside  tbs  waveguide)  sad  s uuctioa  electrode  eo  tbs  other  (with  « gloss  capillary  projecting  into 
tbs  waveguide  to  asks  contact  with  tbs  poet-ganglion  nerve).  In  sees  preparations,  both  tbs  etiau- 
lstiag  and  tbs  recording  electrodes  cea  be  placed  at  opposite  aides  of  the  waveguide.  A quarter- 
guide  wavelength  of  notching  dielectric  with  a dielectric  constant  of  4 can  be  used  to  — tch  the 
incident  energy  to  tha  ginger's  solution  less  then  it  of  reflected  power.  The  eystaa  can  be  illu- 
oiaated  with  either  CV  or  pulsed  power  sources  with  incident  reflected  powers  —enured  by  Mans  of 
s directional  coupler  end  power  aster  or  other  asthoda  of  power  nooltorlng  while  various  biological 
tests  arc  asdo  on  the  speclnon.  The  absorbed  power  density  in  the  preparation  can  be  calculated  by 
the  following  forauls 


(1) 


where 


£ 

ft 


I 


IV 


P: 

*v 

V 

at 

As 

1/ai 


abeorbed  power  density  in  the  nerve  (W/cc) 
incident  power  (V) 
ref  leer'd  power  (V) 

distance  between  the  nerve  end  the  ginger's  solution  intorfoco  (cn) 
crooa-soctlonsl  ares  of  the  waveguide  (cn2) 

depth  of  field  penetration  in  ginger's  solution  (i.IE  cn  at  2450  MU) 


Abeorbed  power  deaaltlaa  up  to  1.5  kV/kg  f roe  100V  CV  aourcaa,  and  220  kV/kg  peak  power  f row 
10  kV  pulse  sources  can  be  produced  la  the  spec  lean  using  on  S-bend  waveguide  at  2450  Mia. 

2.  An  Improved  Wavoiulda  Systsn  for  Chronic  Exposure  ef  Intact  Animals 

Tha  aajor  disadvantages  of  Mat  waveguide  exposure  ayateaa  end,  for  that  natter,  Urea  field  or 
plane  wave  exposure  systems  for  illuminating  normal  living  nniMle  Is  that  the  total  absorbed  power 
by  the  animal  can  vary  over  a wlda  range  depending  on  the  position  end  novament  of  the  an Inal.  Thua, 
it  la  extremely  difficult  to  maintain  a natch  between  the  generator  and  the  exposure  chamber.  Of 
courae,  circulators  or  laoletora  nay  be  used  with  the  system  to  eliminate  the  reflections,  but  the 
widely  fluctuating  absorption  characteristics  of  tha  aniMl  remains  as  e serious  problem.  With 
increasing  evld-nce  that  long-term  chronic  exposures  of  biological  ayatame  to  low  level  electromag- 
netic fields  will  produce  effects  that  cannot  be  produced  by  short-term  exposures  at  much  higher 
levels  of  field  strength,  there  has  been  considerable  interest  in  exposure  system*  for  exposing  e 
population  of  animals  for  long  periods  of  tine.  Flans  wove  exposure  ay* coma  and  cavity  systems  sra 
not  very  uauful  for  this  situation  due  to  the  problem#  that  have  been  discussed  above.  Guy,  at  el., 
[29]  have  developed  an  inexpensive  method  for  exposing  e population  of  animals  to  a single  source 
while  unrestrained  and  living  under  nomal  laboratory  conditions  with  access  to  food  and  water  end 
efficient  waste  removal  without  disturbing  the  field  conditions.  Tha  eystaa  consists  of  a masher  of 
Individual  exposure  calls  connected  through  a power  divider  network  to  a single  power  source-  lech 
cell  consists  of  a section  of  circular  waveguide  constructed  of  galvanised  wire  acraan  of  .63  cn 
square  mesh,  as  shown  in  Fig.  25.  At  aach  and  of  tha  guide  ere  identical,  readily  remvable,  and 
compact  tranaducara  for  converting  TEM  fields  at  coaxial  cable  inpute  to  either  right-  or  left-hand 
circularly  polarised  TEn  mods  fields  in  the  cylindrical  waveguide.  Tha  assembled  call  consists  of 
a four-terminal  device  with  two  terminals  at  aach  and.  Power  fad  into  tha  coaxial  terminal,  Ry,  at 
tha  feed  transducer  will  launch  a right-hand  circularly  polarised  weva  which  will  propagate  down  the 
guide  and  couple  to  the  coaxial  terminal,  R,,  at  the  load  and.  Similarly,  the  power  fed  to  tha  ter- 
minal, Ly,  will  launch  a left-hand  circularly  polarised  wave  which  couples  to  tha  terminal,  L^,  at 
tha  load  end.  In  an  unloaded  call,  there  will  he  no  cross-coupling  between  the  R sml  L terminals. 

During  operation  of  tha  system,  a rodent  housed  in  a plastic  chamber  of  adequate  else  for 
norsul  living  conditions  is  placed  in  each  cell.  Each  anlaal  say  nova  freely  around  in  tha  chaaber 
vlth  vary  little  change  in  power  coupling  characteristics.  The  incident  circularly  polarised  wave 
insures  that  the  animal  is  uniformly  Illuminated  with  a propagating  field  (not  unlike  a radiation 
field),  regardless  of  his  orientation  and  movements.  The  severe  changes  in  coupling  due  tu  animal 
orientation  with  respect  to  field  polarisation  observed  for  plane  wave  exposure  systems  are  virtually 
eliminated.  When  power  la  fed  to  terminal,  Ry,  reflect  lone  froa  the  aniMl  arrive  at  the  feed 
transducer  chiefly  aa  a circularly  polarised  wave  at  the  opposite  aense  of  rotation,  thereby  coupling 
to  the  other  terminal,  Ly.  Power  transaltted  beyond  Che  aniMl  remeina  in  the  same  venae  of  circular 
polarisation  ao  most  of  it  la  coupled  to  the  terminal,  R, , at  tha  load  vlth  a negligible  amount  coupled 
to  the  other,  L, , terminal.  Laboratory  measurement a indicate  that  tha  input  VSUR  rarely  exceeds  1.5 
and  nsver  exceeds  1.8  at  the  Input  terminal,  Ry,  of  a call  loaded  with  e freely  moving  rat,  regardlaaa 
of  the  position  of  the  aniMl.  Furthermore,  the  transmitted  power  to  the  LL  terminal  at  the  load  and 
rarely  exceeds  0,1  of  that  tranealtted  to  the  Rj,  terminal.  Thus,  for  a given  incident  power  level  to 


t>w  call,  th#  approxlaatt  toul  powr  ewpM  to  tkt  aaiaal  caa  easily  bo  daturalnad  by  aubtraetUf 
that  aaaaurad  at  taraiaala  L-  aad  of  tho  call  fro*  tho  total*  If  graater  accuracy  ia  iatlrH, 
tha  small  raflactlooa  to  terminal  ip  aad  power  coupled  to  terminal  U caa  ala*  b*  subtracted.  Tha 
absorbed  po«ar  banal ty  distributions  caa  bo  aaaaurad  la  phutta  models  of  a toat  aataal  upooof  la 
tha  mtw  using  a thermographic  tac halloa,  faata  nod*  oa  ellipsoidal  phantom  models  of  a 331  ga 
rat  exposed  In  various  possible  ahapoa  and  positions  la  a 20  ca  diameter  exposure  chamber  oparatlap 
at  bid  NMc  Indicated  that  tha  aubjacta  abaorbad  apprrximatvly  oma-quartar  of  tha  Input  power  to  tha 
call,  regardless  of  poaitlon.  baaed  on  1 W Input  (average  Incident  power  daaalty  of  3 ntf/cm2)  tho 
average  abaorbad  power  danatty  varied  froa  0.4?  to  0.4  W/ kg  and  tha  peak  abaorbad  pwtr  danaity 
varied  froa  0.7  to  i.13  W/kg  in  the  phantoaa.  A loir-coat  100  W microwave  aourca  con  ha  uaad  with 

tha  ayateai  to  oapooo  ao  aaay  aa  200  anlaale  to  a power  doneity  aa  high  aa  10  mW/ce2.  The  maximum 

available  power  danaity  could  be  Incrcaeod  lnveraely  with  tha  number  of  aubjacta  to  approalmatoly 
2 W/cm2  for  a alngla  subject  which  would  allow  short- tarn  aapoaurss  to  bo  made  for  doaimotry  purpoaaa. 

Water  may  be  eupplled  to  tha  animal  via  a atandard  water  bottle  and  glnnn  tuba  arrangamaat.  Currants 

due  to  tha  contact  of  tho  animal  with  the  water  aupply  are  eliminated  by  a quarter-wavelength  choke 
decoupler  surrounding  the  water  tube  at  tha  point  of  entry  into  tha  chamber.  Dry  food  pellets  caa 
be  supplied  through  tha  chamber  by  means  of  a special  dispenser  and  waste  materials  can  be  allowed 
to  drop  out  of  tho  chaabar  through  opsclal  plastic  funnala  and  portholes. 

E.  ABSORBED  POWP  DISTRIBUTION  IN  AHUjAtS  AMD  MAW  EXPOSED  TO  VARIOUS  ELECTROMAGHETIC  SOURCES 


1.  Rabbit  Head  Exposed  to  2*30  MHi  Diathermy  "C"  Director 

Tho  aboorbod  power  distribution  along  tha  enter;  o-poaterior  axis  of  tha  aye  and  extending  to 
tho  hosd  of  a rabbit  aapoaad  to  a alcrowavs  diathermy  "t " director  was  datarainad  by  una  of  tha 
thermocouple  alcropipstta  technique  described  In  Section  B-2.  Tha  animals  ware  exposed  to  tho  near- 
sons  of  tha  applicator  with  horlaontal  polarisation  and  tha  distance  between  tha  crossing  point  of 
ths  dipole  feed  and  cornoal  surface  of  tha  aye  aat  to  S ca.  lacident  power  danaity  at  the  same 
position  as  tha  right  aye  of  tha  rabbit  was  isaasurad  with  a Hards  4100  electromagnetic  radiation 
monitor  with  tho  aniaul  absent.  Tha  abaorbad  power  density  patterns  for  five  animals  are  shown  in 
Pig.  24.  In  all  casoa,  tha  absorption  reached  peak  valuta  within  tha  vitreous  body  about  1.3  ca 
behind  the  cornea,  with  a mean  value  of  .92  W/kg  baaed  on  a normalised  1 aW/ca2  Incident  power  level. 

2 • Rabbit  Head  Exposed  to  2430  HHa  Resonant  Slot  Antenna 

Power  deposition  pat  tarns  based  on  aeeaurementa  made  iu  four  albino  rabbits  exposed  to  a 
horlaontal  raaonant  slot  antenna  (tha  ground  plana  large  with  respect  to  the  head  of  the  antaal)  art 
shown  in  Fig.  27.  Tha  aolld  curve  corresponds  to  tha  maan,  whereas,  tha  shaded  portion  shows  tha 
standard  arror  of  tha  aaan.  Spacing  between  tha  slot  and  tha  rabbit  was  aat  3 ca  with  tha  aeaaureaente 
aada  In  tha  saaa  aannar  aa  that  described  In  tha  above  section.  Tha  curves  illustrate  tha  absorbed 
power  density  in  W/kg  par  watt  input  to  the  slot. 

3.  Rabbit  Exposed  to  Approximate  Plana  Wave  Field 

Fig.  28  Illustrates  tha  power  absorption  danaity  pattern  aaaaurad  in  a vabbit  exposed  to 
2430  NH*  fields  normalised  for  1 aW/ca2  aa  aaaaurad  along  tha  body  axis  of  tha  rabbit.  The  rabbit 
was  illuminated  over  tha  dorsal  body  surface  by  atandard  gain  horn  spaced  100  cm  away  with  tha  electric 

field  polarised  along  the  axis  of  tha  body.  Thermograms  takan  on  tha  rabbit  by  tha  techniques 

described  previously  wars  processed  by  computer  and  lao power  absorption  Unas  ware  plotted  as  shown 
In  tha  figure.  Power  absorption  measurements  ware  measured  along  tha  anterio-posterior  axis  of  the 
eye  by  tha  thermocouple  alcroplpette  technique.  Measurements  ware  takan  for  the  illumination  of  the 
dorsal  surface  parallel  to  the  long  axis  and  also  with  Illumination  of  tha  right  lateral  surface, 
with  E perpendicular  to  tha  long  axia,  aa  shown  In  Fig.  29.  These  aeasuraaents  agree  reasonably  well 
with  tha  thermographic  measurements. 

4.  Cat  Exposed  to  918  »1«  Aperture  Source 

Fig.  30  Illustrate*  thermographic  recordings  takan  to  assasa  the  absorbed  power  danaity  in 
actual  cat  head  and  a 6 ca  diameter  phantom  spherical  model  of  tha  head.  Thermograms  ware  taken  for 

exposure  of  tha  head  to  a 918  MHi  13  X 13  ca  apartura  aourca  spaced  tha  distance  8 cs>  from  the  dorsal 

surface.  Tha  moults  clearly  show  the  praaanca  of  high  absorption  areas  or  hot  spota  in  th*  head  of 
tha  exposed  cat  predicted  froa  the  theoretical  calculations  for  a sphere.  Both  the  theory  and  tha 
measurements  indicate  approximately  0.8  W/kg  peak  abaorbad  power  density  par  aW/ca 2 Incident  power 
density.  Fig.  31  Illustrates  aaaaurad  abaorbad  power  patterns  in  the  head  of  tha  cat  and  tha  phantom 
sphere  by  different  methods  aa  a function  of  distance  froa  tha  top  of  tha  exposed  surface.  Tha  value# 
are  based  on  a 1 W Input  power  to  tha  918  MHt  apartura  aourca  under  tha  same  exposure  conditions 
daacrlbad  for  tha  previous  figures.  Tha  curves  Illustrate  theraograaa  taken  on  a phantom  sphere  and 
tha  canter  of  the  dead  brain.  They  alao  Illustrate  thermocouple  and  micropipette  measurements  at  tha 
canter  and  off-cantar  of  tha  live  brain,  as  wall  as  tha  microwave  diode  measurement a aada  at  tha 
aurfaca  of  tha  dead  brain. 

5.  tat  Bxpoatd  to  918  jga  Apartura  Source 

Fig.  32  illuatrataa  tha  tharmograph  of  a study  aada  on  a ph?ntoa  tlaaua  modal  of  tha  body 
of  a rat  axposad  to  918  HHi  13  X 13  ca  apartura  anurca  spaced  8 ca  away  from  tha  animal . Tha  raaults 
claarly  Illustrate  unpredictable  absorption  peaks  that  may  occur  in  tha  body  and  tail  of  tha  rat. 

Tha  profound  absorption  8,6  W/kg  at  tha  bass  of  tha  tall  la  due  to  tha  increased  currant  danaity 
raaulting  froa  tha  sharp  change  in  tlaaua  cross-section.  Tna  low  absorption  in  tha  pelvic  area  ie 
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4m  to  * stamdiag  wm  util  rnmwltiag  (m  My  motnct  cMIUom  itw*  tht  rot  nodal  lo 
iWrotlMtoly  o*o  wn'loiitk  lang.  Mow! to  taiitito  that  ono  Mt  to  ntmtiy  cartful  lo  drawing 
co*c  Unions  fro*  t*m*atatvro  — ssufanatts  Mi  with  roctol  ttotonitori.  Uoo,  o*o  cannot  *oho  tho 
o**y  iiowoftlop  that  knylH  tho  toil  or  My  portion  of  tho  rot  out  fro*  tho  direct  too*  of  ro4 lo- 
tion will  iMwro  (too  wymto  and,  coMiyuiilyi  no  absorption. 

*>  fhonta*  mUBaatfi  to  ItoaUtod.  hr  rioKs 

Pit.  33  iUuotrotoo  thnroof ra*a  tofcoo  for  o ocolo  *o4ol  mo  exposed  to  on  electric  flsld  ori- 
ented porollol  to  tho  loot  oolo  siauUtlag  ol.fi*  hl«h  70  ht  non  otyoiol  to  o aiauleted  31  Ml* 
oloctrlc  field  1*  tho  cavity  doocrihod  in  Section  C-4.  Sin«lo  profile  econo  wore  token  through 
rot  lone  of  intensive  ahoorptlo*.  tho  odtoo  of  the  non  for  each  km  ore  indicated  hy  white  vortical 
li*aa.  The  arrow  indicates  tho  pool  tie*  in  which  tho  pooh  ateerhed  power  density  woo  calculated. 

Aroaa  of  aootiai  ahoorptlo*  occur  in  tho  aaollar  cross-sections  of  tho  body  ouch  an  tho  kaaea,  ankloo 
and  tho  neck,  tote  that  the  tuxlau*  ahoorptlo*  at  134  wW/kg  for  a 1 9/n  incident  field  la  rare  then 
throe  order*  of  aaaeltvde  hither  than  that  of  a*  equivalent  volume  opharo  and  approximately  two 
oedoro  of  *ng*itwde  greeter  than  that  for  an  equivalent  volume  ellipsoid,  illuotratod  prevloualy  in 
Pit*  19.  tho  high  ahoorptlo*  in  the  narrow  cross-sect lna*  of  the  body  te  duo  to  the  conetrictloa 
of  the  Induced  current  oloet  the  length  of  tho  body,  thereby  Incroaaint  the  currant  density  and 
oloctrlc  floldo  In  them*  aroaa.  The  area  art-  mot  effected  alncc  they  ora  parallel  to  tho  lorta  croaa- 
aactloo  trunk  which  ahunta  moat  of  tha  induced  cur mate.  Pi*.  34  llluatrataa  thermographs  taken  for 
tho  name  nan  oxpooad  to  a magnetic  ftald  par pond lcular  to  tho  fromtol  piano  oiawlotlng  a 31  MMs 
exposure.  for  thit  :im,  circulating  eddy  currontx  are  produced.  There  la  generally  high  absorption 
along  the  sides  of  tha  body  in  tha  area  of  tho  rtho  of  approximately  2.31  W/kg  for  1 A/a  incident 
aognotlc  field  intensity.  Paak  absorption  occurs  in  regions  where  the  flow  of  tho  circulating  addy 
currants  art  forced  into  tho  aaallar  cross-sectional  aroaa  or  arn  diverted  by  severe  angular  change* 
of  the  tissue  such  aa  tha  region  near  tha  axilla  and  tha  parlnaun.  Sines  tha  naximun  power  absorp- 
tion duo  to  tho  oloctrlc  field  exposure  occurs  whs re  there  is  minimal  power  exposure  due  to  tho  mag- 
netic field  exposure,  we  can  predict  maximum  power  absorption  density  for  a plana  wav*  field  fro* 
tho  values  given  in  tha  previous  two  figure*.  Sxcopt  for  a change  In  nagnltude,  tha  resulting 
patterns  are  identical  to  thoae  which  would  occur  in  actual  full  scale  subjects  with  homogeneous 
dielectric  tissue  coapoaltlou  expoaed  to  fields  at  any  frequency  below  those  Indicated.  Thus,  tho 
results  can  be  extrapolated  down  to  cover  tho  entire  IF  frequency  range,  the  low  frequency  range, 
and  even  VTJ  and  CLP  frequencies.  At  lower  frequencies,  however,  the  nerve  end  ousels  tissues  can 
bacons  anisotropic  requiring  a ouch  nor*  sophisticated  nodal. 

t.  LOCAL  HKD  POWER  AkSOAPTION  DUE  TO  ATTACHED  IKSTPUHEHTATIOH  AMP  IMPLANTS 

When  conducting  objects,  wires,  or  oloctrodos  are  brought  In  contact  with  or  are  Implanted  in 
biological  tissues  exposed  to  EN  fields,  high  Intensity  fields  nay  be  induced  locally  where  tha 
conductors  coaa  in  contact  with  tho  tissues.  These  fields  can  be  many  orders  of  magnitude  greater 
than  tho  fields  that  would  normally  bo  present  without  tho  presence  of  tho  conductors.  This  Is 
cltarly  illustrated  by  Fig.  33  showing  thermograms  taken  of  the  heed  of  the  cat  exposed  to  91A  MH* 
microwaves,  both  with  and  without  tht  presence  of  s metal  electrode  inserted  in  the  brain. 

With  proper  electrode  design  using  conductors  with  electrical  conductivity  close  to  tissue  some 
of  those  probloma  may  bo  avoided.  Tho  us*  of  so-called  "transparent  leads"  used  for  tho  leeds  of 
EH  hasard  survey  maters  in  most  cases  will  not  eliminate  this  problem  even  though  they  do  not  disturb 
th*  applied  field  since  even  weak  currents  Indexed  in  the  conductors  can  produce  high  currant  densi- 
ties at  a point  of  contact  with  tissue  If  the  contacting  area  is  small. 

Fig.  16  Illustrate*  some  of  tho  various  situations  one  may  encounter  and  some  simplistic  models 
to  provide  a fire;  order  analytical  determination  of  tha  field  enhancements  that  may  occur  In  the 
tissues  due  to  the  presence  of  conductors.  The  figure  illustrates  tissue  bodies  of  dielectric  con- 
stant tj{  exposed  to  EM  fields  ulth  an  electric  field  intensity  E0.  Fig.  16-a  illustrates  field 
enhancement  due  to  wires  connecting  external  instrumentation  to  electrodes  in  contact  with  tissues. 
Fig.  16-b  llluatrataa  field  enhancements  due  to  implented  encapsulated  Instrumentation  such  aa  used 
for  pacemakers  or  for  telemetering  biological  Information  from  the  body  of  the  subject.  >'ig.  36-c 
Illustrates  the  field  enhanceMnt  due  to  Implanted  conductors  auch  as  surgical  pins,  prosthetic  joints 
and  conducting  electrodes.  For  all  these  cases,  currents  will  be  induced  in  the  conductor  portions 
of  the  Instrumentation  or  Implants  resulting  In  field  enhancement  and  an  Increased  absorbed  power 
density,  V€,  usually  much  greater  than  th*  normal  absorbed  power  density,  W.  The  value  of  Um  will, 
in  general,  lncrsaa*  with  th*  length,  L,  of  the  leads  or  th*  implant.  An  insight  as  to  th*  severity 
of  th*  problem  can  be  gained  by  considering  some  equivalent  configurations  more  amenable  to  analysis. 
For  example,  tha  external  leads  may  be  represented  by  a cylindrical  conductor  aa  shown  In  Fig.  16-d , 
and  tha  Internal  Insulated  implant  represented  by  the  Implanted  coaxial  antenna  shown  in  Fig.  36-e. 

A radius,  a,  and  a length,  L,  is  aasuiwd  for  th*  conducting  portion  of  each  antenna  and  an  insulation 
radius  of  b,  and  dielectric  constant  is  assi»cd  for  the  Implanted  coaxial  antenna.  Each  of  these 
cases  can  b*  analysed  In  terms  of  the  equivalent  circuit  shown  in  Fig.  36-f  where  an  equivalent 
generator  with  open  current  voltage  equal  to  the  product  of  the  effective  length  of  the  antenna  and 
th«  electric  field  strength  In  the  direction  parallel  to  the  antenna  Is  shown.  Z,  end  represent 
the  source  end  electrode  Impedance*  of  the  antenna,  and  Is  the  electrode  current.  If  we  assume 
t.ott  the  contact  of  th*  conductor  with  the  tissue  in  each  case  is  hemispherical  with  uniform  current 
density,  J(,  normal  to  Its  surface  w*  have 

Je  " l./2w-2 
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tlw  factors  of  Increase  of  current  density,  J,  electric  field  E,  end  powmr  ebaorptlon  density  W 
•wt^elly  prssent  In  the  undisturbed  tissue  due  to  the  presence  of  th«  electrode  would  be  relsted  by 
iJi  * *e^*  • where  subscript  e denotes  values  of  each  quantity  at  the  tip  of  the  Inplant, 

ir  we  consider  a conducting  ellipsoidal  shaped  Inplant  with  dielectric  constant  i*  and  najor  and 
nlnor  aaee  2a  and  2b  snail  empared  to  a wave  length  In  the  tissue,  as  shown  In  Fig.  3h-c,  we  nay 
use  equations  10-12  previously  discussed  by  Guy  In  this  Lecture  Series  "biophysics  - Energy 
Absorption  and  Distribution"  Section  E,  to  predict  the  Increase  In  field  Intensity  and  absorbed 
Pw*r  a*  the  tip  as  a function  of  b/a  and  dielectric  constant  of  the  Inplant.  Fig.  l?  Illustrates 
the  Increase  In  field  Intensity  for  various  naterlals  lnplanted  In  nuecle  with  dielectric  properties 
as  shown.  With  dielectric  constants  or  conductivities  large  cosqMtred  to  that  of  tissue  (nuscle  at 
a frequency  of  2410  NNt)  the  ntnlnun  factor  cf  enhancenent  would  be  1 with  b/a  • corresponding  to 
the  sphere,  and  the  maalnun  would  depend  on  the  tnplant  material  with  values  as  high  as  107  for 
cupper.  10  for  carbon,  and  11  for  the  teflon-carbon  polymer.  The  latter  naterlal  Is  used  for 
fabricating  transparent  lends  for  EM  haaard  meters  and  instrunexitatlon  used  in  the  presence  of  EM 
fields.  The  ntarer  the  properties  of  the  object  are  to  those  of  the  tissue,  the  closer  the  enhance- 
ment factor  Is  to  unity.  When  the  object  la  appreciable  in  alae  compared  to  a wavelength,  the 
analysts  is  much  more  complex,  but  we  would  expect  similar  degrees  of  enhancement  as  predicted  for 
the  quasl-statlc  analysts. 


The  enhancement  due  to  an  externally  applied  cylindrical  lead  shown  in  Fig.  3b-d  can  easily  be 
calculated  from  antenna  equations.  For  a thin  rod  antenna,  short  compared  to  a wavelength,  we  can 
obtain  the  approximate  expressions 

* L/2,  2^  • (J2*fC)  *,  C » 2*c  I./lnf-^"-),  end  2 * 4»c*s. 
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Since  | 2 | >>  |Z  |,  the  magnitude  of  the  current  Is 
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and  the  enhanced  field  Is 
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whereas  the  field  in  the  tissue  based  on  continuity  ot  the  displacement  vecter  across  the 
air-tissue  interface  would  be 


so  the  factor  of  field  enhancement  is 
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or  for  muscle  tissue  at  2450  MHx  with 
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Thus,  with  L/a  * 100,  E^/E  * 3222  and  W^/W  « 102  corresponding  to  a large  field  intensification 
at  the  point  of  contact.  For  longer  antennas  the  Impedance  would  be  less,  and  1 would  be 
greater,  resulting  in  an  even  greater  intensif icat ion  of  the  field. 

For  an  implanted  insulated  antenna,  short  compared  to  a wavelength,  shown  in  Fig.  36-e, 

Leff  - L/2  and  Z#  ; (|2*fC)"1 
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and  e,  - the  dielectric  constant  of  the  insulation.  For  this  case,  we  obtain 
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or  for  td  ■ 2.25  and  b/a  -2 
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When  L/a  Is  typicallv  in  the  range  10  to  100,  E^/E  • 10^  to  lo\  and  W#/W  ■ 10^  to  10^ 

Indicating  that  significant  field  enhancements  can  occur  even  for  implanted  insulated  conductors. 
Note,  however,  that  for  implanted  insulated  leads,  the  field  enhancement  will  markedly  decrease  with 
frequency.  For  example,  Ee/E  “ 10  and  Wg/W  - 100  at  24.5  MHi.  Belov  2.45  MHz  no  field 

enhancements  would  occur  except  that  due  to  the  portion  of  the  conducting  electrode  in  contact  with 
the  tissue,  as  predicted  by  Fig.  37.  This  is  not  the  case  for  the  implanted  uninsulated  conductor 
or  external  lead,  however.  The  latter  is  not  Improved  significantly  for  lower  frequencies  since 
that  product  |e*f|  In  Equation  (5)  remains  relatively  constant  with  frequency. 
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Fig.  1.  Simplified  sketch  of  thermocouple  survey  meter  design, 
(from  Johnson  and  Guy  fill) 


Fig.  4.  Ntrdt  Nodal  8300  Sarlas  oami  directional  broadband  radiation  survey 
■etera. 
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Fig.  5.  The  block  diagram  of  the  Bowman  radiation  survey  meter, 
(from  Bowman  [6]) 
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Fig.  9.  temperature  distribution  patterns  obtained  by  thermography  In  plane 
layers  of  simulated  fat  and  muscle  exposed  to  a waveguide  source  of 
electromagnetic  fields,  (from  Johnson  and  Guy  [11]) 
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Fig.  19.  Scale  model  thermograms  and  calculated  peak  absorbed  power  density  for  70  kg 
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H*.  ,'H.  Power  absorption  density  pattern  In  rabbit  exposed  to  2450  MHi  fields 
(norma  1 trod  to  measured  Incident  power  density  at  rabbit  bodv  axis). 
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SUMMARY 

The  effect  of  electromagnetic  radiation  (EMR)  on  cardiac  pacemaker  a is  a unique  bio*. 'f  lets  problem. 
The  purpose  of  this  lecture  is  to  present  the  current  atate-of-technology  concerning  this  effect.  Current 
teat  procedures  including  methods  to  simulate  pacemaker  implant  c nditiona  and  the  use  of  fiber  optica 
instrumentation  techniques  for  cardiac  simulation  and  pacemaker  interference  evaluation  are  preaented. 
Test  results  and  their  clinical  significance  are  discussed  for  different  types  of  EMR  emissions  including 
microwave  ovens,  electrical  appliances,  gasoline  engine  ignition,  radar,  and  intense  electromagnetic 
pulse  generators.  Reported  threshold  values  for  pacemaker  electromagnetic  interference  (EMI)  range 
from  10  V/m  for  the  more  sensitive  devices  to  greater  than  300  V/m  for  the  less  susceptible  devices. 

Such  EMI  threshold  values  are  further  modified  by  the  frequency  and  pulse  width  of  the  incident  EMR 
signal.  Maximum  interference  coupling  appears  to  occur  at  frequencies  between  100  and  500  MHi  ard 
the  EMI  threshold  is  inversely  proportional  to  pulse  width  over  the  range  from  one  microsecond  to  several 
milliseconds.  The  ultimate  biolc>ical  effect  is  dependent  on  the  characteristics  of  the  EMR  source,  the 
proximity  of  the  pacemaker  user  to  the  source,  the  attenuation  afforded  by  body  shielding  and  orientation, 
ar  d the  state-of-health  of  the  pacemaker  user.  The  test  results  presented  provide  considerable  evidence 
t .at  many  manufacturers  have  recognized  EMI  as  a potential  bioeffects  problem  and  have  taken  the  neces- 
sary corrective  actions  to  build  devices  with  good  electromagnetic  compatibility  (EMC).  Continued  aware- 
ness of  potential  interference  conditions  by  manufacturers,  physicians,  and  pacemaker  users  will 
eventually  resolve  this  problem  and  serve  as  the  basis  for  good  EMC  design  for  future  medical  prosthetic 
devices. 

INTRODUCTION 

Luring  the  past  decade  the  electronic  cardiac  pacemaker  has  been  developed  into  a sophisticated 
prosthetic  device.  It  is  applied  in  medical  facilities  throughout  the  world  to  correct  malfunctions  (atrio- 
ventricular heart  block)  of  the  body's  electrical  conduction  system  tc  restore  the  rhythmic  Dumping  action 
of  the  heart. 

At  least  fifty  different  companies  manufacture  pacemakers,  and  some  manufacturers  have  ten  or  more 
different  models  (electronic  design  and  function).  Figure  I illustrates  16  different  pacemakers  made  by 
ten  different  companies.  In  general,  pacemakers  may  be  classed  as  fixed  rate  (asynchronous)  and 
demand  (synchronous  or  R-wave  inhibited).  Fixed  rate  pacemakers  provide  a fixed,  preset  rate  of 
electrical  stimuli  to  the  ventricles  which  is  independent  of  the  electrical  and/or  mechanical  activity  of 
the  heart.  Demand  pacemakers  sense  the  depolarizations  of  the  heart  muscle  activity  and  produce  their 
own  depolarization  signals  (electrical  stimulus)  only  if  the  normal  heart  depolarizations  are  not  present. 
The  atrial  synchronous  pacemakers  sense  the  depolarization  of  the  atria,  delay  the  signal  to  simulate 
nature!  conduction  ti-ne,  and  then  provide  the  electrical  stimulus  to  the  ventricles.  The  R-wave  inhibited 
demand  pacemaker  senses  depolarization  of  the  ventricles  if  it  occurs  naturally  and  inhibits  its  output; 
i.e. , the  pacemaker  functions  only  when  the  AV  heart  block  occurs  (1), 

Most  of  the  pacemakers  implanted  today  are  of  the  R-wave  inhibited  type.  They  contain  an  electronic 
timing  circuit  which  is  reset  by  normal  depolarization  or  the  pacemaker  btimulus.  Their  sensing  circuit 
is  programmed  to  respond  to  electrical  signals  normally  generated  by  the  heart.  Thus,  energy  pulses 
induced  externally  via  the  pacemaker  leads  or  circuitry  can  erroneously  cause  the  pacemaker  to  inhibit 
its  needed  output. 

Essentially,  all  demand  pacemakers  have  interference  rejection  circuitry  which,  upon  sensing  exter- 
nal electromagnetic  (EM)  interference  having  ba'-ic  pulse  repetition  rates  (FRR)  greater  than  50-60  Hz, 
will  revert  to  a fixed  rate  mode  of  operation.  This  is  judged  a nonhazardous  form  of  interference.  How- 
ever, external  EM  signals  having  a A A in  the  range  of  1 to  10  Hz  and  energy  pulses  greater  than  the 
pacemaker's  interference  threshold  value  will  cause  the  pacemaker  to  inhibit,  and  this  is  a potentially 
hazardous  situation  for  the  pacemaker  user  (2,  3,  4). 

Case  histories  of  pacemaker  interference  reported  in  the  open  literature  substantiate  the  potential 
problem  (5-11),  although  many  cases  of  pacemaker  EMI  probably  go  unreported  due  to  the  nature  of  the 
interference  phenomena.  For  instance,  upon  sensing  external  EM  radiation,  many  pacemakers  revert  to 
a fixed  rate  sufficiently  close  to  their  demand  rate  ''hat  the  user  would  not  normally  detect  the  change. 
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Figure  1.  Cardiac  Pacemakers 

Top  Row:  Stimtech  3821;  General  Electric  A2075A;  Medcor  3-70A;  Starr 
Edwards  8116  and  8114;  Pacesetter  BP-101 

Middle  Row;  American  Optical  281003  and  281  143;  Biotronik  IDP-44;  Cordis 
1 62C  and  164A;  Vitatron  M1P-40-RT 

Bottom  Row;  Medtronic  5842,  5942,  5944,  and  9000 

High  power  radiofrequency  radiation  emitters  such  as  air  route  surveillance  radar  can  cause  many 
pacemakers  to  miss  single  beats  as  the  radar  beam  scans  past,  an  effect  most  likely  unnoticed  (2).  Even 
more  serious  interference  may  not  be  identified  because,  most  often,  interaction  times  are  short,  i,  e.  , 
either  the  source  of  EMI  is  moved  or  turned  off  or  the  user  moves  from  the  particular  area  of  the  effect. 
Additionally,  little  postmortem  fol’owup  is  made  of  pacemaker  users  to  identify  any  possible  causal  re- 
lationship to  EMI. 

Notwithstanding  the  preponderance  of  i'MI  data  now  available  and  general  acknowledgement  of  the  po- 
tential hazard  to  individual  uau:,  -n. , oversy  will  continue  as  to  the  clinical  significance  of  this  effect  of 
EMR  on  the  pacemaker  populace  (12,  i3). 

Test  procedures,  instrumentation  techniques  and  EMI  test  results  are  presented  as  a technological 
overview  of  the  state-of-knowledge  at  this  time  concerning  the  interaction  of  EM  fields  and  cardiac  pace- 
makers. 

TEST  PROCEDURES 


Implant  Simulation 


Realistic  assessment  of  the  effects  of  EMR  on  cardiac  pacemakers  must  be  made  under  actual  im- 
plant conditions  or  accurate  simulation  of  implantation.  Initial  EMI  studies  by  the  USAF  School  of  Aero- 
space Medicine  were  conducted  by  implanting  pacemakers  in  18-20  kg  dogs  and  effecting  a complete 
atrioventricular  heart  block  (14).  This  procedure  is  costly  and  has  obvious  disadvantages  in  having  to 
handle  the  animals  under  a variety  of  test  conditions  in  the  laboratory  and  at  remote  test  sites.  Thus, 
alternate  techniques  have  been  developed  to  simulate  the  pacemaker  implant. 


The  Association  for  the  Advancement  of  Medical  Instrumentation  (AAMI)  working  under  a contract 
with  the  U.  S.  Food  and  Drug  Administration  (FDA)  has  developed  a draft  protocol  ior  testing  cardiac  pace- 
maker EMI  characteristics.  They  recommend  using  a 80  cm  * 40  cm  x 20  cm  container  made  of  5 cm 
thick  plastic  foam  (density  of  0.  035  g/cm^).  The  container  is  filled  with  0.03  molar  saline  solution  and 
the  pacemaker  and  leads  are  located  to  place  1 cm  of  solution  ' the  pacemaker  and  the  wall  of  the 

container,  A similar  arrangement  used  in  the  USAFSAM  tests  provided  good  correlation  between  this 
method  of  simulated  implant  aid  the  implanted  dogs  (4,  14).  With  the  many  variables  (body  size,  location. 
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depth  of  implant)  in  actual  human  implant*,  it  i*  fait  thi*  procedure  for  implant  aimulation  i*  aufficient 
for  EMI  testing. 

Instrumentation 


Many  different  type*  of  instrumentation  techniques  have  been  used  in  cardiac  pacemaker  EMI  testing 
(2,  4,  7,  14,  15),  The  principal  requirement  la  that  the  instrumentation  system  be  immune  to  the  EM 
fields  encountered  in  the  tests  and  that  it  present  to  the  pacemaker  a load  and  signal  simulating  those  en- 
countered in  an  actual  implant  situation  so  that  the  results  obtained  apply  to  a human  implant.  The  system 
should  also  provide  real  time  recording  of  the  incident  EMR  signal  and  the  pacemaker  response. 

Several  models  of  jiacemakers  have  interference  rateu  identical  to  their  demand  rates,  so  it  is  often 
difficult  to  determine  sv  sceptibility  thresholds  for  pacemakers  in  EMR  fields  having  pulse  repetition  rates 
sufficient  to  cause  the  pacemaker  to  revert  to  its  fixed  rate.  The  minimum  PRR  values  range  from  10-60 
Hz  depending  on  the  specific  pacemaker.  Thus,  a method  to  aimula'e  normal  heart  activity  at  the  pace- 
maker leads  io  required  so  that  an  R-wave  inhibited  pacemaker  would  be  inhibited  by  this  simulated  activ- 
ity and  would  not  produce  a pulse  until  it  detected  interference  and  reverted  to  its  interference  mode.  An 
additional  requirement  is  imposed  for  a synchronous  pacemaker  to  track  the  simulated  activity  up  to  its 
interference  threshold.  A system  of  this  type  has  been  developed  and  incorporates  a light-emitting  diode 
(LED)  fiber  optics  monitoring  system  (16). 

The  system  was  developed  to  present  a resistive  load  near  the  upper  limit  encountered  with  implanted 
pacemakers.  Such  a circuit  will  limit  the  possible  range  of  load  resistance  from  350-1000  ohms  as  the 
resistance  across  the  jack  varies  from  0 to  infinity  (see  figure  2).  Thus,  the  firing  of  the  LED  will  not 
radically  change  the  load  when  the  pacemaker  pulses  as  would  occur  if  the  LED  were  connected  in  either 
aeries  or  parallel  with  the  load.  If  the  LED  were  connected  in  series  with  the  load  resistance,  the  load 
would  be  over  100  kilohmsuitil  the  pacemaker  pulsed;  if  the  LED  were  connected  in  parallel,  the  load 
would  drop  to  under  100  ohms  when  the  pacemaker  pulsed.  This  design  also  enables  a magnetic  earphone 
to  be  plugged  into  the  jack  to  be  used  as  an  audio  monitor  to  ensure  that  the  pacemaker  is  properly  con- 
nected to  the  load.  The  1000-ehm  resistor  in  parallel  with  the  pacemaker  (Fig.  2)  is  the  load  the  pace- 
maker sees  except  when  emitting  a pulse,  in  which  case  the  LED  has  a fairly  low  impedance  (since  it  con- 
ducts during  the  pulse).  When  the  LED  fires,  the  load  on  the  pacemaker  is  approximately  500  ohms,  de- 
pending on  the  output  voltage  of  the  pacemaker. 


Figure  2.  LED  pacemaker  monitor. 

The  LED  is  mounted  ir,  a subminiature  audio  plug.  The  light  pipes  are  sheathed  and  contain  approxi- 
mately 36  plastic  fibers.  The  end  of  the  Ugh;  pipe  is  held  in  contact  with  the  LED  by  a friction  fit  between 
heat- shrink  tubing  over  the  plug  and  over  the  jacket  of  the  light  pipe.  This  enables  the  light  pipe  to  be 
removed  and  exchanged  for  a longer  or  shorter  length.  The  length  of  light  pipe  which  can  be  used  effec- 
tively is  limited  because  of  signal  loss;  however,  lengthS'Of  about  3 and  8 meters  have  been  used  success- 
fully . 

With  a device  added  to  simulate  cardiac  output  (16),  .the  pacemaker  testing  system  is  a satisfactory 
simulation  of  the  environment  experienced  by  an  implanted  pacemaker.  Figure  3 is  a recording  of  two 
pacemakers'  responses  to  the  simulator:  an  R-wave  inhibited  pacemaker  in  both  demand  and  fixed  rate, 
and  a P-wave  synchronous  pacemaker  in  both  synchronous  and  fixed  rate  modes.  These  recordings 
illustrate  the  advantage  of  such  a system  to  determine  if  the  pacemaker  is  in  an  EMI  mode. 
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StWUUTOW 

PACEMAKER 


(a  ) R-WAVE  INHIBITED  PACEMAKER 


{ b)  P-WAVE  SYNCHRONOUS  PACEMAKER 


Figure  3.  Facemaker  Responses  to  Cardiac  Simulator 


RESULTS 

Microwave  Ovens 

Although  most  microwave  ovens  operate  at  2450  MHz  with  60  or  120  Hz  modulation,  the  mechanical 
mode  stirrer  produces  a second  modulation  of  about  0.5  to  10  Hz  (17).  Many  of  the  pacemakers  in  com- 
mon use  several  years  ago  exhibited  serious  disruption  by  this  type  of  EMR  emission  (6,  17,  18,  19). 

The  pacemaker  interference  threshold  was  less  than  one  microwatt/cm2  resulting  in  the  more  sensitive 
devices  being  adversely  affected  at  distances  of  several  meters  from  the  oven.  The  potential  hazard  of 
this  type  of  pacemaker  interference  has  been  essentially  eliminated  with  recent  improvements  in  pace- 
maker circuitry  and  application  of  EMR  shielding  and  filtering  techniques,  coupled  with  more  stringent 
control  of  microwave  oven  leakage. 

Electrical  Appliances  and  Engine  Ignition 

The  EMR  emission  from  a large  number  of  electrical  appliances  (drills,  saws,  food  mixers,  hair 
dryers,  razors,  vacuum  cleaners,  etc.)  and  the  ignition  of  gasoline  engines  (powerboat  motors,  automo- 
biles, lawn  mowers,  etc.  ) can  cause  pacemakers  to  exhibit  reversion  to  fixed  rates,  inhibition  (cutoff), 
and  tachycardia  (3,  7).  However,  in  almost  all  such  cases  the  pacemaker  must  be  within  about  0.  5 meter 
of  the  source  to  be  adversely  affected.  Thus,  as  in  the  case  of  microwave  ovens,  such  sources  of  EMI  aro 
not  considered  a serious  threat  to  most  currently  marketed  pacemakers. 


High  Power  EMR  Emitters 

Many  different  types  of  high  power  EMR  emitters  ranging  from  television  transmitters  to  radar  can 
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produce  pacemaker  interference  (2,  5,  8,  9).  Typical  of  »ueh  emitter*  are  the  Air  Rout*  Surveillance 
Radars  in  operation  throughout  the  world  to  monitor  the  flight  paths  of  aircraft.  These  systems  propa- 
gate — 1-5  megawatts  peak  '.ower  at  frequencies  between  1-2  GHs  with  pulse  repetition  rates  (PRR)  of 
200-400  pps,  and  pulse  widths  (PW)  of  2-10  microseconds,  Tney  rotate  at  5-6  rpm  and  operate  24  hours 
per  day,  7 days  per  week.  Though  they  are  usually  located  on  15-25  meter  tower*,  they  produce  suffi- 
ciently intense  EMR  signsls  at  ground  level  to  disrupt  some  pacemakers  at  distances  of  200  meters  or 
more  from  their  antenna  (2).  Figure  4 is  a typical  ,>lot  of  the  real  time  EMR  field  intensity  in  volts  per 
meter  at  ground  level  —650  meters  from  such  emitters. 


Clif.rt  Speed  - 20  mm/  sc  ' 


100  »/ m 


10  V/m 


1 »/ a 


Figure  4.  Typical  Plot  of  Real  lime  EMR  Field  Intensity 

— ' 50  Meters  from  Air  Route  Surveillance  Radar. 


Pacemakers  may  often  miss  single  beats  in  the  vicinity  of  such  radar  as  the  main  beam  passe*  over- 
head resulting  in  the  loss  of  5-6  beats  per  minute  (bpm).  Figure  5 is  a typical  recording  of  this  effect. 

At  closer  approaches  to  such  emitters,  the  pacemaker  EMI  threshold  may  be  exceeded  by  other  peaks  of 
the  lobe  structure  (shown  in  figure  4)  resulting  in  a further  reduction  of  pacemaker  rate.  Figure  6 is  a 
typical  recording  of  this  effect.  Additionally,  the  lobe  structure  can  appear  as  a 1-10  Hi  EMR  signal 
which  the  pacemaker  can  sense  as  heart  activity  and  the  pacemaker  will  inhibit  (cut  off)  altogether. 

In  general,  the  EMR  electric  field  (E-field)  intensity  at  ground  level  does  not  exceed  100  volts  per 
meter  for  significant  periods  of  time.  Therefore,  the  pacemakers  having  EMI  thresholds  greater  than 
100  V/m  should  not  be  seriously  affected. 

Electromagnetic  Pulse 

Electromagnetic  pulse  (EMF2  facilities  are  unique  sources  of  EMR  emission  which  produce  intense 
pulses  (up  to  100,000  volts  per  meteri  in  —0.  5 microsecond  with  —90%  of  the  frequency  components  be- 
low 10  MHi.  Tests  conducted  by  USAFSAM  included  the  exposure  of  eight  dogs,  implanted  with  different 
types  of  pacemakers  (14),  to  single  pulses  at  5,  25,  and  50  kV/m.  On  the  basis  of  electrocardiograph 
recordings  made  before  and  after  exposure,  it  was  determined  the  pacemakers  were  not  seriously  dis- 
rupted. 

In  studies  usir.j  EMP  sources  in  a repetitively  pulsed  mode,  an  EMI  level  of  500  V/rn  was  established 
as  the  threshold  for  serious  effect.  These  tests  were  conducted  under  simulated  implant  conditions  for 
peak  E-field  levels  from  200  V/m  to  6000  V/m  with  PRR  values  from  2 to  100  pps. 

Laboratory  Tests  (450  and  2100  MHz) 

Recent  cardiac  pacemaker  EMI  tests  were  conducted  under  controlled  laboratory  conditions  using 
square  wave  modulated  450  and  2100  MHz  EMR  fields  (4).  The  purpose  of  these  tests  was  to  evaluate 
the  overall  improvement  in  EMI  thresholds  when  compared  with  tests  conducted  2-2  years  earlier. 
Seventy-two  pacemakers  representing  ten  manufacturers  and  twenty-three  different  designs  were  tested. 
The  450  MHz  fields  were  circularly  polarized  with  E-field  levels  up  to  292  V/m,  The  ranges  of  PW  and 
PRR  used  were  1 microsecond  (usee)  to  1 msec  and  2-50  pps,  respectively.  The  3100  MHz  fields  were 
vertically  polarized  with  levels  up  to  220  V/rr.  irmi)  for  a PW  range  of  10-120  usee  at  7-400  pps.  The 
p»  -ernakers  were  positioned  in  the  "far-field"  region  of  the  anechoic  chamber  in  the  EMR  beam  center 
and  tested  :n  a simulated  implant  configuration  similar  to  that  described  above.  The  pacemaker  response 
was  recorded  via  a fiber  optics  telemetry  system  as  described  above  and  by  Steiner  in  a recent  School  of 
Aeroapace  Medicine  Technical  Report  (16). 
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Table  1 aumtnarir.es  the  EMI  adverse  effect  threshold  values  for  the  23  models  (types)  tested  under 
simulated  implant  conditions  at  450  Mila,  An  adverse  effect  is  defined  as  a pacemaker  rate  which  falls 
below  *0  heats  per  minute  (bpm)  or  exceeds  125  hpm  as  a direct  result  of  EMI,  In  most  instances  the 
value  at  which  the  most  sensitive  of  so-called  identical  pacemakers  cut  off  completely  was  selected  as 
the  adverse  effect  threshold.  In  cases  where  the  threshold  is  based  on  an  increased  rate,  it  was  generally 
observed  that  the  pacemaker  rate  continued  to  increase  with  increasing  EMR  field  level.  Where  no  adverse 
effect  was  observed  at  the  maximum  field  level  available,  it  is  noted  by  >300  V/m.  Blank  spaces  indicate 
the  other  data  points  are  adequate  to  ue scribe  the  effect, 

TABLE  1 


SUMMARY  OF  ADVERSE  EFFECT  THRESHOLDS  FOR 
CARDIAC  PACEMAKER  ELECTROMAGNETIC  INTERFERENCE 
(SIMULATED  - IMPLANT  CONDITIONS) 


Pac 

and 

Frequency  450  Mill,  Pulse  Width  1 

m«ec 

Pulse  Repetition  Rate  in  pps 

emaker  Manufacturer 
Model  Number 

2 

10 

20 

40 

V/m(bpm) 

V/m(bpm) 

V/m(bpm) 

V/m(  bpm) 

1. 

American  Optical  281003 

13(0) 

15(0) 

243(0) 

2. 

American  Optical  281013 

26(0) 

26(0) 

3. 

American  Optical  281143 

>300 

>300 

4. 

Biotronik  1DP44 

141(0) 

>300 

>300 

>300 

5. 

Cordis  Atricor  1 33C7 

>300 

>300 

141(172) 

6. 

Cordis  Omni-Atricor  164A 

>300 

> 300 

>300 

7. 

Cordis  Stanicor  143E7 

15(0) 

15(0) 

243(0) 

>300 

N. 

Cordis  Omni  Stanicor  162C 

8(0) 

9(0) 

>300 

Q, 

General  Electric  A2072I) 

20(0) 

207(125) 

10. 

General  Electric  A207  5A 

?3(0) 

141(125) 

11. 

Medcor  3-70A 

29(0) 

141(0) 

141(0) 

141(0) 

12. 

Medtronic  5842 

15(0) 

15(0) 

15(0) 

n. 

Medtronic  5942 

12(0) 

12(0) 

12(0) 

14. 

Medtronic  59*3 

23(0) 

19(0) 

>300 

15. 

Medtronic  5944 

26(0) 

26(0) 

>300 

>300 

16. 

Medtronic  5950 

>300 

>300 

17. 

Medtronic  5951 

>300 

>300 

18. 

Medtronic  9000 

10(0) 

10(0) 

10(0) 

>300 

19. 

Pacesetter  BD-101 

>300 

>300 

20. 

Starr  Edwards  8114 

23(0) 

>300 

21. 

Starr  Edwards  8116 

>300 

>300 

>300 

22. 

Stimtech  3821 

107(0) 

114(0) 

>300 

23. 

Vitatron  MIP-40-RT 

93(0) 

107(0) 

243(0) 

243(0) 

NOTE:  The  adverse  effect  threshold  is  assigned  when  the  pacemaker  rate  falls  below  50 


beats  per  minute  (bprr.)  or  exceeds  125  bpm  as  a direct  result  of  EMI. 

The  test  data  summarized  in  Table  I serve  to  illustrate  the  wide  range  (8  V/m  to  >300  V/m)  of  EMI 
susceptibility  thresholds  among  the  23  pacemaker  models  tested.  Comparing  the  relatively  new  A.  O. 
pacemaker  (item  No.  3)  with  the  older  A.O.  models  (Nos.  1 and  2)  .hows  a dramatic  improvement  in  EMI 
characteristics.  The  same  is  true  for  the  new  Starr-Edwards  model  8116  compared  to  their  model  8114. 

It  is  alto  noteworthy  that  the  relatively  new  Pacesetter  pacemaker  was  not  affected  by  the  maximum  EMR 
level*  available  in  these  tests  indicating  that  EMI  characteristics  were  considered  during  the  design  stage*. 
Again  as  in  tests  conducted  two  years  ago,  the  Biotronik  pacemakers  (obtained  just  prior  to  these  teete) 
maintained  good  EMI  characteristics.  Although  the  improvements  in  EMI  characteristics  were  much 
greater  for  some  models,  it  appears  that  all  of  the  manufacturers  are  including  EMI  as  a design  considera- 
tion and  in  essentially  every  case  the  newer  models  show  improvement  ir  this  respect. 

The  data  in  Table  I also  illustrate  a relatively  wide  range  of  PRR  values  for  reversion  to  fixed  rate, 
■tome  pacemakers  reverting  upon  sensing  EMI  at  pulsed  rates  less  than  10  pps  while  others  have  not  re- 
verted at  40  pps.  The  newer  pacemakers  demonstrate  good  improvement  in  this  area.  For  example,  the 
new  Medtronic  pacemakers  now  revert  to  fixed  rate  at  lower  PRR  values. 

The  tests  conducted  at  3100  MHz  using  120  microsecond  pulses  rnd  maximum  EMR  fields  of  320  V/m 
with  the  pacemakers  exposed  in  a simulated-implant  configuration  caused  very  few  adverse  EMI  effects. 

All  adverse  effect  thresholds  were  greater  than  200  V/m.  The  PW  studies  described  belov  indicate  the 
3100  MHz  EMI  thresholds  would  be  much  lower  if  the  PW  were  increased. 


E 


At  450  MHa,  CM!  thresholds  war*  measured  for  PWa  between  1 »aec  and  1 maac  at  2 ppa  and  50  ppa 
(Pit.  7).  Each  curvo  tana  rally  rapraaanta  data  from  mora  than  ona  pacamahar.  Thara  waa  no  aigoif!* 
cant  diffaranca  between  tha  2 ppa  and  50  ppa  data.  Tha  constant  pulse  energy  danaity  curve  ehowa  tha 
relation  batwaan  PW  and  tha  product  of  power  danaity  during  tha  pulaa  and  PW  (energy  danaity).  Theee 
data  demonatrate  that  the  EM!  reaponee  thraahold  ia  invar aaly  proportional  to  PW. 

For  5100  MHa,  a PW  ranga  of  10*120  jteec  for  7 ppa  and  400  ppa  waa  invaatigated  (rig,  8).  Tha  data 
ware  normallaed  to  tha  120  »aec  pou.ta.  Tha  G.E.  modal  A2072D  waa  tha  only  pacamahar  which  demon 
atratad  a algnificant  diffaranca  in  relationship  between  thraahold  and  PW  for  different  PRRs.  Tha  3100 
MHa  data  alao  damonatrated  that  the  E>field  thraahold  ia  inversely  proportional  to  PW. 


CORO  IS  lltC  1 114  A 

NEDT  5l4t,5t4t,3944  • 1000 

STWTECH  t VtTATROM 

A.O  181003  t 1110)3 

STARR -E3t  ARCS  1)14 

8.E.  AI0T3A  t NEDC0R 


PULSE  FIELD  STRENGTH  (SB) 


Figure  7.  Relative  pacemaker  EMI  thresholds  va.  PW  (450  MHa) 
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Figure  8.  Relative  pacemaker  EMI  threshold*  v».  PW  (MOO  MHi) 


DISCUSSION 

Electromagnetic  radiation  having  a field  intensity  above  a certain  threshold  value  (dependent  on  the 
specific  pacomaker)  can  disrupt  the  normal  pacemaker  function  and  create  a potential  hasard  for  the  user. 
The  extent  and  significance  of  such  EMI  is  dependent  on  many  factors  including: 

(1)  The  frequency  of  the  incident  EMIl  signal.  Available  test  data  indicate  maximum  interference 
coupling  at  frequencies  between  100  and  500  MHi. 

(2)  The  pulse  width  (PW)  or  energy  density  of  the  EMR  signal.  The  interference  threshold  in  volts/ 
meter  is  inversely  proportional  to  PW. 

(3)  The  pulse  repetition  rate  (PRR).  If  the  EMR  field  intensity  is  changing  in  such  a manner  to  mimic 
a PRR  of  about  1 to  10  ops  with  the  peak  of  each  pulse  above  the  pacemaker's  interference  threshold,  the 
pacemaker  will  inhibit  (cut  off),  li  the  effective  PRR  is  greater  than  some  inherent  value  (specific  to  each 
device),  the  pacemaker  may  revert  to  its  interference  rejection  mode  (fixed  rate).  Reversion  to  fixed 
rate  is  judged  nonhasardous.  Inhibition  is  judged  hazardous, 

(4)  Proximity  and  orientation  of  the  pacemaker  patient  with  respect  to  the  incident  EMR  field.  Body 
shielding  can  agnificantly  alter  the  EMI,  particularly  at  frequencies  greater  than  1 GHz.  In  many  cases 
of  interference  such  as  those  associated  with  microwave  ovens  (2450  MHs;,  the  user  can  completely 
eliminate  the  EMI  by  simply  rotating  his  or  her  body  90°  - 180°  to  place  more  body  shielding  between  the 
pacemaker  and  the  EMR  source.  Also,  pacemakers  exhibit  immediate  recovery  to  normal  function  as  soon 
as  the  EMR  signal  is  eliminated. 
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(t)  Suit -of -health  ud  cardiac  condition  of  tho  uaer.  Soma  ueers  arc  much  more  or  leas  dependent 
on  exact  pacemaker  function  and  may  or  may  not  ba  ahin  to  tolerate  the  transient  affacta  of  EMI. 

Currently  marketed  pacemaker!  eahiblt  a wide  rang*  of  EMI  susceptibilities,  demonstrating  the 
technical  'eaalbUiiy  of  manufacturing  devicaa  to  be  compatible  with  moat  EMR  enviroamatta.  to  general, 
the  pacemaker!  being  marketed  today  aa  compared  to  thoae  of  boo  yeara  ago  offer  coneidarably  more 
reatatanca  to  alactromagiatic  interference.  Alao,  It  appears  the  total  number  of  the  more  sensitive  pace- 
maker! in  aervice  two  yeara  ago  Ha  a been  retotced  about  IU.  Continuing  effort  by  the  manufacturer!  will 
ultimately  reaolve  moat  of  the  fotnatial  pacemaker  EMI  problems,  end  it  la  hoped  that  the  manufacturer! 
of  other  medical  In  a tru  mentation  and  electronic  proathetae  will  incorporate  good  EMI  rejection  technique* 
In  all  now  device!. 
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SIKHANV 

Tha  only  tro  quantitative  criteria  presently  available  for  setting  of  electroasgnet lc  pulaa 
(CNF)  aafaty  standards  ara;  (!'  tha  ANSI  C9S.1  Safaty  Standard  baaad  on  1 lot  tint  thermal  inault 
at  olcrouava  frequencies,  and  (2)  tha  thresholds  for  tha  atiaulation  of  «acltabla  membranes  by 
alactric  currant.  Tha  flrot  la  not  raallatlc  for  application  to  tha  HV  a Inc  a tha  Indue  ad 
curtenta  and  energy  dapoaltlon  in  exposed  tloaua  I's  not  baaad  on  an  appllad  fluid  amplitude  and 
duration  relationship,  but  la  related  or.ly  to  tha  riaa  and  fall  tiaa  of  tha  appllad  fluid  pulaa. 

Tha  lnducad  currant*  in  tha  tlaauaa  ot  nan  exposed  to  Impulsive  alactronatnatic  (EH)  field*  do 
not  appear  to  b*  oufficlant  for  stimulating  action  poteneiala. 

A.  IHThOOCCTlOW 

Thar*  ha*  baan  recant  concorn  over  tha  hvsarda  of  alactronatnatic  pula*  (INF)  alaulatora 
designed  to  simulate  tha  IMF  ama-tatlng  f rou  « nuclear  explosion.  Thau*  alaulatora  are  uaad  for 
taatlng  electronic  control  and  communication  aqulpatant  for  performance  under  the  ettvl  room  sot  of 
a nuclear  attack.  Generally,  tha  alaulatora  ar*  designed  to  generate  a tranalant  high  lntanalty 
electromagnetic  field  (DO  with  an  alactric  field  lntanalty  In  axcaaa  ot  SO  ItV/a  and  a fluid 
lapadanc*  of  120*  ohna.  The  rlaa  tlnaa  and  pulaa  uldtha  ot  auch  EM  pulaaa  ar*  In  tha  order  of 
nanoaaconda.  Frequently,  In  order  to  evaluate  the  poaaibl*  aafaty  hasarda  to  operating  paraonnal 
and  tho  general  pv-vlatlnn  In  tha  vicinity  of  auch  device*,  tha  generated  field*  have  bean 
conparad  to  field*  emanating  fron  lightning  flaahaa,  atatlc  diachargea  and  power  lino  corona  tl], 

Tha  Incident  average  power  flux  density  of  recurring  IMF  flalda  hat  alao  born  coupe rad  to  the 
ulcrowav*  sifaty  atandarda  of  10  aW/cm<  In  order  to  a how  that  the  IMF  power  flux  currently 
generated  by  almuUtors  la  order*  of  nagnltude  below  that  which  would  b*  a thamal  thraat  to 
uan  [2].  Currently,  the  only  guidallnaa  available  that  ar*  baaad  on  substantial  aclantiflc 
justification  pertaining  to  tha  expoaur*  of  uan  to  EM  or  current*  ar*  the  ANSI  C9S.1  Standard  [)], 
and  tha  guidallnaa  pertaining  to  electrical  shock  [4],  [3]. 

The  ANSI  Standard  llnlta  tha  incident  power  flux  danalty  to  10  mW/cm*  aa  averaged  over  any 
six  ulnut*  period  and  la  baaad  principally  on  tha  limitation  of  tlaau*  heating  to  negligible 
value*  at  ulcrowav*  frequencies.  Tha  electrical  shock  criteria,  on  tha  other  hand,  limits  tha 
current  to  level*  that  prevent  various  undesirable  physiological  effect*  relating  to  the 
atiaulation  of  excitable  cells.  For  aacroahock  with  a 1 second  contact  period  with  a AO  Ha  source, 
these  levels  are  1 aa  for  the  threshold  of  perception,  S aa  for  amtnua  harmless  currant  intensity, 
10-20  ua  for  "let-go"  current  before  sustained  muscular  contraction,  SO  aa  for  pain,  possible 
fainting,  and  uechanlcal  Injury,  100-300  ua  for  ventricular  fibrillation,  and  6000  as  for  sustained 
uyocardlal  contraction,  followed  by  normal  heart  rhythm,  temporary  respiratory  paralysis,  and  burns. 

If  w*  limit  the  EMP  exposure  level  by  the  ANSI  Standard,  we  must  satisfy  tha  relation 

r_ 

120*  |a(t> | 2 dt  < 100  J/a*  (1) 

where  r la  the  pule*  rat*  with  a value  no  leas  than  1 pulse/6  alnute  period,  and  *(t)  la  the 
electric  field  strength  of  the  IMF  aa  axpreaaod  In  the  tin*  domain. 

The  EMF  exposure  level  aay  also  be  limited  by  the  maximum  allowable  current  lnducad  In  the 
body.  Since  the  Induced  current  la  considerably  different  in  character  to  that  due  to  60  Ha  ahock, 
a rat  tend*  la  needed  to  extrapolate  the  known  results  for  the  latter  to  the  case  of  the  extremely 
short  pula*  of  current  lnducad  by  so  EMF  eourc*.  It  haa  been  shown  that  the  minimum  flbr 111a ting 
currents  froa  a 60  Hi  source  nay  be  expressed  si  1 1 k/t*l  aa  where  k is  a constant  and  t la  the 
period  of  applied  current  (4).  This  relation  was  tasted  for  t as  low  as  0.01  seconds,  or 
approximately  one-half  cycle. 

Fast  studies  and  experiments  Indicate  ventricular  fibrillation  la  unlikely  If  the  shock 
current  la  less  than 

1 - 116/t*1  ba  (2) 

This  would  also  Imply  that 

I - 5/t1*  aa  (J) 

would  be  safely  below  the  threshold  of  the  "let-go"  currant.  According  to  Scbwan  [6],  the  , 

current  density,  J,  In  the  tissues  for  producing  ventricular  fibrillation  is  approximately  1 na/cm  , 
ami  that  tor  producing  emcltatlaa  of  excitable  memhcaaaa  la  la  tha  order  of  0.1  - 1.0  tam/cm*,  so 


It 


fur  the  thnihoU  af  tlitw*  lntitutiM  for  M Hi  turret  to. 


for  extremely  abort  direct  tvtrmt  pulses,  to*  strength  duration  rotation  for  the  stimulation 
of  excitable  membranes  may  bo  expressed  ao 


J.  “ J.  ’o'* 


(3) 


where  J*  It  the  olnlr--'  hcIuiIiw  current  Iw'.lty,  t.  to  the  Mm  constant  of  Clio  colt  ooobrorvo , 
and  J,  la  tho  peak  at  i > . 1st  ton  current  density  (t).  Tf  wo  hnm  that  tho  currant  dona  tty  ptedlrted 
hr  Equation  O)  for  * \*lf  crrl*  or  1/1 20  second*  la  tho  olitlM  excitation  currant  and  conatdor  a 
typical  k ■ thrano  t too  constant  of  10*'  oocondt  wo  can  coatbln*  equations  (4)  and  (1)  to  give 

(I0-J)f‘  * « CIO-*)!*1  me/cn2  (6) 

equation  (6)  awy  bo  oaprotacd  In  Una  of  tho  total  charge  denolty  tranafor  In  tho  t loo  T an 


< 10"2)  « /T  J(t)  dt  < <»0“* > coulomb*/*2 
~ 0 “ 


<f> 


whore  J(t)  la  the  currant  donalty  In  the  time  domain. 


I.  HELD  COt’fUHr,  EQUATIONS 


tn  genoral,  the  (tine  domain)  electric  field,  *(t),  and  magnetic  field  K(t),  of  tho  Mf 
conalata  of  a natow  pula*  with  a very  rapid  rtae  tine,  ta,  In  tne  order  of  1 to  10  nanoseconds 
and  with  a field  taipedance  of  I20«  ohm*.  The  pulse  width,  ts,  nay  bo  defined  tn  tho  standard 
way  os 

•-o  * ^ C *<»>  <•> 

tn  order  to  develop  Insight  on  what  the  coupling  of  the  EM?  nay  he  to  biological  tlaauua  in 
the  body  of  nan  or  amali»r  animals,  ue  nay  first  maka  a rough  approximation  by  conaldarlng  tta 
coupling  to  an  equivalent  spherical  mass  of  nuacla-type  material  pravloualy  analysed  for  exposure 
to  XF  plane  waves  by  Lin,  et  at.  (8),  and  then  extrapolate  tho  roeulta  to  tho  figure  of  on  actual 
nan  baaed  on  obaorbod  power  donalty  patterns  measured  by  thoroography.  Tho  total  electric  field 
Induced  in  tho  sphere,  Eg,  by  an  Incident  plane  wove  wtth  an  alactric  field  strength  Ej  at  an 
angular  frequancy  of  u la 


t,  • Ej  g - 1^  (cos  * f*  - com  6 aln  p 


♦ )1 


o 

for  frae  apace,  ct 


where  c,  « 


3, 

ct-J-—  te  the  complex  dielectric  constant  of  the  tiaeue,  k la  the  propagation  conatant 

is  tha  relative  dielectric  conatant  of  the  tisaue,  a la  tUe  elactrical 
conductivity  of  the  tiaeue,  end  cQ  ta  the  permittivity  of  free  epee*.  The  origin  of  the  (x,y,s) 
end  (t,Q,i)  coordinate  eyatona  corresponds  to  tha  center  of  the  sphere  with  the  direction  of  plane 
wave  propagation  coincident  with  the  u axis,  and  tha  electric  field  coincident  with  the  x axle. 

Th*  first  term  (x  component  of  the  above  equation)  may  be  interpreted  to  be  the  uniform  tleld  in 
the  aphare  Induced  by  the  Incident  electric  field  component  end  the  reatalnlng  0 end  I terms  can 
be  Interpreted  to  be  that  Induced  by  the  Incident  magnetic  field  component.  The  equation  la 
accurate  for  e 70  kg,  23. 6 cm  redlue  sphere  of  muscle  tiaeue  up  to  20  KHs  in  frequency  and  for 
smaller  spherolda  approximating  the  heed  of  man  or  email  animal  bodies  beyond  100  MMt  in  frequency, 
tn  the  RF  frequency  range  the  value  of  dielectric  conatant  le  significantly  smaller  then  the 


loan  factor,  ao  wo  nay  aaka  tha  approximation  cfl 


j-ffl 

wto 


where  tig  * , asauned  to  be  constant  >>ver 

wvO 

the  frequency  range  of  Interest. 

It  than  follows  that  for  lncldant  EXF  tranalant  fields  from  lightning  or  other  lmpuleive 
sources  with  riaa  times  aufficiantly  long  or  with  a fraquancy  spectrum  limited  to  e range  where 
the  equation*  ere  valid,  the  (frequency  domain)  electric  field  t,  (w)  Induced  tn  e spherical  body 
of  tleaue  la  , , . /ln. 

t.(w)  * j ^ u Ffx.e.p)  .J-*  ',0> 

whare  E(w)  la  the  magnitude  of  the  Incident  field  end 


?<R,9,9)  - ( 


20»o, 


- R(coa  1 i - coe  9 aln  9 i)] 


Tha  Induced  flald  aa(t)  nay  be  expreeaed  In  time  domain  as 

;,<t>  - £ ?<*.»,♦)  ^Sl 


(ID 


(12) 


Thus,  under  the  atated  frequency  restrictions,  the  field  strength  Induced  In  the  spherical 
tleaue  model  la  directly  proportional  to  the  time  rata  of  change  of  Incident'  field.  It  le  also 
doer  that  the  major  component*  of  the  Induced  field  ere  the  • and  $ tarma  of  ?( X,9,P)  corresponding 
to  an  Inducad  circulating  eddy  currant.  This  can  he  seen  by  noting  that  tha  x component 

■ - MS  x 10'-  Is  an  order  of  magnitude  smeller  then  the  maximum  valua  (2.36  x 10*1)  of  tha 

Induction  flald  component  for  a typical  tleaue  conductivity  of  ot  ■ 0.6  mho/m  and  a radius 
X • 23.6  cm  for  a 70  kg  aphare  of  muscle- type  tissue.  According  to  thlo  approximate  analysis  the 
normalised  field  distribution  Induced  In  the  sphere  along  the  three  major  rectangular  axes  la 


•Hewn  in  Flu,  I.  The  ttfvtric  field  distribution  alnng  the  y axle  in  that  dun  to  » he  elerttlr 
field  coupling  *nd  the  other  dtetrlbut lonn  along  the  v and  a axes  art  Influenced  mtlh  hv  the 
Mgnetlcellv  Induced  wdd”  currant  which  la  proportional  with  diatrnca  iron  tha  y aala. 


Tha  Instantaneous  absorbed  power  density  in  the  spherics)  tissue  muscle  ta 

P • ‘'ur?**  )»  03) 

n B 

*.ha  currant  danaitv  la 

-Mt > • o^lt),  (14) 

tha  absorbed  energv  ,k-nalt  v ia 

W • /"  Pdt,  (13) 

and  tha  tranafarrwJ  charge  drnalty  In  time  ia 

o • 1(t)  dt  • i>H/^a#(l  )dt  (lb) 

For  roaparlaon  purposes,  consider  a tranatant  Hi  field  given  by 

r(t)  • R,,(a"U-Cfir>  (W) 

which  may  ba  uaad  to  rapraaant  tha  IIMP  nr  llghtntng  by  appropriate  choice  of  valuta  of  » and  f . 


For  thia  cane  tha  pclaa  rlat  t lae  la 


tha  induced  electric  field  ia 


tha  pulaa  width  ia 


the  abaorbed  energy  denalty  la 


t „ >»»_(£/_*■> 
a B-.i 


e^it)  • ?(K,0,t)t8e~Pt-ne  at), 


„ -at  -Ft  . 
^*1  . n iv*l 

lo  * -7IJ-  <•  '*  ) . 


iJ  (6-«)2 

w - --  2 1 2 

8c  (F+o)  (c  -a  1 

*nd  th«  transferred  char Re  density  in  ti»e  T is 

o E r -<iT  -?Ti 

0 - -±r 


-at  -St 

. * 


whore 


-at  -Ft 

E • E0(e  *-e  ") 


(18) 

(15) 

(20) 

(21) 

(22) 

(23) 


la  the  peak  incldant  field  strength. 

Tha  above  equations  should  provide  rough  estimate*  of  the  characteristics  of  fielda  lm*  ed 
in  the  equivalent  isuacle  aphere  if  u*8  or  <i  la  aufficlently  small  for  Equation  (4)  to  he  valid. 

For  the  2X.b  cm  aphara  according  to  Lin,  at  al.  {8),  Equation  (4)  1;  valid  only  to  20  KHi . The 
calculated  valua  la  about  60X  too  high  at  80  MHi  and  80X  too  nigh  at  100  HHi.  For  smaller  diameter 
apharaa  corraaponding  to  aMller  aniMla  or  port  Iona  of  tha  huain  body  auch  aa  tha  haad,  tha 
aquation  should  ba  valid  uall  above  100  MHa. 

Fig.  1 Illustrate!  tha  lnductd  electric  field  and  energy  denalty  patterns  In  a aphara  exposed 
to  an  lapulalve  EM  field  where  tha  spectrum  la  within  tha  above  Hail  tat  Iona.  Typical  EHP  and 
lightning  field  coupling  can  ba  determined  from  tha  above  equation!  by  an  appropriate  choice  of 
a end  8.  Table  I illuatratee  computed  characteristic*  restricted  according  to  Equation  (1)  for 
r ■ 1,  and  valuaa  of  a and  8 appropriate  for  aiaulatlng  tha  varlooa  fields. 

It  should  ha  pointed  out  froa  our  previous  discussion  that  tha  oupled  Internal  field  for  tha 
BMP  could  ba  aa  hith  by  aa  auch  as  e factor  of  2 and  tha  t 6 sorbed  power  and  energy  density  could 
be  aa  high  by  aa  auch  an  a factor  of  4,  aa  calculated  by  the  above  equatlona,  since  with 
6 - 4.76  x 10®,  tha  upper  and  of  tha  apectrua  exceeds  B/2w  : 80  MHa.  Tha  results  will  show, 
however,  that  the  error  la  of  no  consequence  for  the  "hall  park”  estimates  desired  In  this  analysis 
The  t lae  dependence  of  the  Mxlaua  coupled  fields  (periphery  of  aphara)  due  to  feat  rise  and 
alow  rise  tie*  lightning  fields  la  shown  In  Fig.  2 and  that  due  to  the  typical  EMP  la  shown  In 


IM 


The  fiNltii  for  a i^hiri  My  b(  utriptiiitol  to  the  cat*  of  a m axpoaed  to  the  froa  fUW 
of  an  Dff  from  tha  thermographic  measurements  faicrlM  in  another  section  of  thl*  Lecture 
Sariaa  "Engineering  Confident  lone  and  Heaaurananta"  Section  D (ft).  Tha  reault*  ehow  that  Matsuo 
ebeorptlon  of  a aphara  la  0,1ft  V/kg  tor  a magnetic  field  of  1 A/a  at  2ft.)  KM* . Thin  would 
correspond  to  1.0)  uV/kg  for  a aphara  aapoaad  to  a plana  wavo  with  electric  flald  atrangth  of 
1 V/a  at  31  MU.  On  tha  othar  hand , thara  would  ha  a m*1m  abaorhad  powar  danalty  of  13*  uW/«g 
in  a aan  aapoaad  to  tha  aana  flald. 

Thu*  tha  oaalaua  abaorhad  powar  danalty  la  128  tloaa  graatar  and  tha  naataum  currant  density 
la  11.)  tloaa  graatar  for  tha  im#  In  tha  region  of  hta  lag*.  Thun  wo  can  Increase  tha  paraoatara 
In  Tabla  t by  thaaa  factor*  to  aatiMt*  the  Off  coupling  to  aan.  Tha  aan*  factor*  would  be  aa 
high  aa  28  and  ).).  raapactlvoly,  in  othar  region*  of  tha  body  aoch  aa  tha  neck  and  tha  rib  cag*. 

C.  OISOSSION 

»y  the  raatr let  Iona  of  the  ANSI  aafaty  guide  ae  given  by  Equation  (1),  tabulated  In  Tabla  I 
and  Illustrated  In  Flga.  1 and  ).  relatively  alow  riaa  ttoe  field*  *uch  aa  originating  fro*  lightning 
would  be  1 vo  produce  laa*  than  1 m/cs2  peak  current  denaltlea  In  npharlcal  tla*ua  atructur* 
whit*  a relatively  feat  rising  field  auch  a*  the  IMP  would  produce  nearly  7 aoparaa/co?  peak 
current  danalty  In  the  tisane.  The  pula*  width  haa  very  Uttl*  to  do  with  tha  maximum  Induced 
currant  an>1  the  oaaloua  abaorhad  energy  danalty.  Flga.  2 and  ) and  Table  1 clearly  point  out 
that  It  la  tha  rta*  tloa,  t*.  of  tha  field  that  la  ooat  loportant  In  taroa  of  tha  magnitude  of 
tha  Induced  currant,  paak  abaorhad  powar  danalty,  and  the  energy  density  deposition.  There  are 
ft  to  5 orders  of  Mgnttude  greater  field  strength  coupling,  8 to  10  orders  of  Mgnttuda  greater 
.'ak  ubaorbed  power  density,  and  ft  to  S orders  of  oagnitude  greater  peak  abaorhad  energy  density 
o-  the  * ..here  aapoaad  to  the  EMP  than  for  exposure  to  lightning  fields.  It  la  clear  that  tha 
art  ' the  appro* last*  analysis  la  lnconseqi'  ntlal  In  ten**  of  ualna  tha  result*  to  tlluatrat* 
r,  e larg*  difference  In  coupling  character latica  of  the  transient  field. 

The  first  row  of  date  In  Table  I ...rieapond*  to  coupling  due  to  a typical  faat  riaa  and  fall 
tine  EMP  The  ANal  standard  criteria  would  allow  an  incident  field  strength  of  5)0  kV/w  which 
would  Indue*  a currant  of  7 amperes /cm2  In  a spherical  atructur*  or  ho  nmperea/cm*  In  an  exposed 
un  In  tree  space.  The  peak  absorbed  power  would  be  a*  high  aa  7. ft  aegnwatta/kg  in  the  sphere 
or  u 7 ) megawatts /kg  1..  nan.  Though  this  seaaa  unusually  high,  the  brevity  of  the  pulse  restricts 
the  total  deposited  energy  to  8 mJ/xg  for  the  «x)>oaed  sphere,  1.0)  ,1'kn  for  the  legs,  and  253  xU/kg 
for  the  neck  of  an  exposed  aan.  Sot*  that  the  absorbed  energy  levels  are  nbev*  that  required  to 
produce  the  microwave  auditorv  effect  (1ft  aU/kg)  discussed  In  this  Lecture  Series  "Microwave 
Induced  Acoustic  Effects  In  Maaasallan  Auditory  Syatans."  The  total  charge  tranafar  during  the 
period  corresponding  to  a Membrane  tin*  constant  la  nil  due  to  the  blphaatc  property  of  the 
Induced  current.  Thu*  v*  would  not  expect  membranes  to  b*  directly  stimulated.  However,  If  we 
consider  the  FMP  with  a slow  fall  tlae,  with  properties  as  illustrated  in  tha  aacond  row  of 
Table  1,  there  would  be  « net  change  tranafar  of  9.ft7  x 10“'  coulombs/m2  for  the  sphere  and 
1.0?  x 10”*  coulouba/m2  for  man  alnco  during  the  period  corresponding  to  the  maaabrane  tine  constant 
the  produced  current  is  predominantly  tho  same  polarity.  Note,  however,  for  thle  case  the  pulee 
width  safety  criteria  would  limit  the  Incident  field  to  5.5  kV/m.  Tha  total  charge  Jtranafer 
would  be  Insufficient  to  produce  excitation  of  action  potentials.  Even  If  the  man  was  axpoaed 
to  tha  maximum  Incident  field  atrangth  of  330  kV/m  allowed  by  the  ANSI  safety  standard  for  a 
puls*  rat*  of  no  greeter  than  l par  ft  minute  period,  it  appears  that  tha  Induced  charge  transfer 
would  be  orders  of  magnitude  bolow  that  necessary  to  stimulate  action  potentials  based  on  the 
simple  model. 

The  third  and  fourth  rows  of  Table  1 give  the  coupling  characteristics  of  EM  fields 
produced  by  lightning.  The  induced  currants  and  abaorhad  power  densities  are  considerably 
leas  than  induced  by  tha  EMP  due  to  tha  aubatant tally  greater  rise  time*  In  the  former. 

Table  1 alco  illustrate*  tha  typical  coupling  characteristics  for  microwave  pulaaa  to  the 
tissue  sphere  baaed  on  e single  puls*  par  aacond  restricted  by  Equation  (1).  Tha  coupling  may  b* 
derived  from  an  analysis  by  Johnson  and  Guy  (9).  Moat  of  our  experience  with  continuous  human 
exposure,  however,  has  bean  limited  to  situations  involving  microwave  pulses  with  recurrence  rate* 
of  eony  ten*  or  hundred*  of  pulses  per  second  with  the  average  incident  power  density  restricted 
to  10  mV/crn2,  or  laaa.  The  coupling  character 1st  lea  for  thla  case  are  shown  at  the  bottom  of 
Table  1.  Note  Chat  tha  Induced  currant,  absorbed  power  attd  absorbed  energy  denaltlea  are 
substantially  higher  than  values  produced  by  the  EMP. 

Tha  coupling  aquations  and  Fig.  1 illustrate  that  much  lass  coupling  would  occur  in  smaller 
diameter  tissue  structures  axpoaed  to  transient  fields.  The  distribution*  in  Fig.  1 My  ba 
truncated  to  the  appropriate  radius  to  determine  tha  reduction  in  coupling.  For  example,  the 
maximum  coupled  field  would  be  0.26  time*  leas  and  the  Mxlaum  energy  absorption  density  would  be 
.07  times  laaa  for  a 3 cm  radius  sphere  representing  a small  animal. 


CONCLUSIONS 

The  above  analysis  show*  th.it  without  considerable  qualification,  one  should  not  depend 
wholly  on  experience  gained  from  eh*  exposure  of  man  to  lightning  fields  or  from  sms  11  animals 
exposed  to  tha  EM?  islda  as  a guide  for  establishing  safety  standard*.  Also,  for  impulsive  fields 
such  as  tha  EMP,  more  attention  should  b*  given  to  the  rat*  of  chattg*  of  field  rather  than  the 
width  or  peak  amplitude  of  the  field  In  establishing  safety  standards.  It  appears  unlikely  that- 
action  potentials  can  b*  excited  in  men  exposed  to  plan*  wave  type  EMP  fields.  j 

1 


TABLE  I CHARACTERISTICS  OF  EMP,  LIGHTNING,  AND  PULSED  MICROWAVE  FIELDS  COUPLED  TO  70  kg  HAN  EQUIVALENT 
SPHERE  WITH  FIELD  STRENGTHS  RESTRICTED  BY  ANSI  C95-I  SAFETY  CRITERIA  (EQUATION  1)  FOR  ONE  PULSE 
PER  SECOND 
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ELECTRIC  FIELD  DISTRIBUTION  ALONG  AXES  OF  70  KG.  ENERGY  ABSORPTION  DISTRIBUTION  ALONG  AXES  OF  70  KG 

SPHERE  OF  TISSUE  DUE  TO  EMP  FIELD  COUPLING  SPHERE  OF  TISSUE  DUE  TO  EMP  F'ELD  COUPLING 


(a) 


(b) 


Figure  1 


Approximate  normalized  electric  field  strength  and  energy  density  distribution 
along  major  axes  in  70  kg  sphere  of  tissue  exposed  to  DIP  field. 
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LIGHTNING  FIELD  COUPLING  TO 
70  kg  SPHERE  OF  TISSUE 

RADIUS  • 296  cm  ff  • 0.6  mho/m 


LIGHTN!*”)  FIELD  COUPLING  TO 
TO  kg  SPHERE  OF  TISSUE 


RADIUS  • 29.6 cm  cr*  0.6 mho /m 
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Figure  2 Lightning  field  coupling  to  exposed  tissue  sphere  with  field  limited  by  equation  (1). 


EMP  FIELD  COUPLING  TO  70  kg 
SPHERE  OF  TISSUE 

RADIUS  5 25.6  cm  ff«  0.6  mho/m 


iff*  iff7  icr* 
TIME  (SECONDS) 


Figure  3 DIP  field  coupling  to  sphere  of  exposed  tissue  with  field  limited  by  equation  (1). 
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Protection  Guides  and  Standards  for  Microwave  Exposure 

by 

Sot  M.  Mlchaelson 
University  of  Rochester 
School  of  Medicine  and  Dentistry 
Depa  rtment  of  Radiation  8!ology  and  Biophysics 
Rochester,  New  York  > A6  4 2 U.S.A. 

I NTRODuCTION 

Many  of  the  electromagnetic  energies  at  certain  frequencies,  power  levels  and  exposure  durations  can 
produce  biological  effects  or  injury  depending  on  multiple  physical  and  biological  variables.  Although 
equipment  which  utilize  or  emit  e lect romagnet i c energy  provide  immeasurable  benefits  to  mankind,  they 
may  also  constitute  hazards  to  the  individual  through  uncontrolled  and  excessive  emissions.  There  is  a 
need  to  set  limits  on  the  amount  of  exposure  to  radiant  energies  individuals  can  accept  with  safety. 

Protection  standards  should  be  based  on  scientific  evidence  but  quite  often  are  the  result  of 
empirical  approaches  to  various  problems  reflecting  current  qualitative  and  quantitative  knowledge.  A 
numerical  value  for  a standard  implies  a knowledge  of  the  effect  produced  at  a given  level  of  stress,  and 
that  both  effect  and  stress  are  measurable.  One  problem  is  the  definition  of  what  an  "effect"  is  and 
whether  it  can  ultimately  be  shown  to  modify  man's  "way  of  life"  or  that  of  his  offspring  (I). 

If  there  were  a clear-cut  relationship  between  exposure  level  and  pathophysiologic  effect,  the  problem 
of  setting  standards  would  be  greatly  simplified.  Not  only  are  there  numerous  variables  to  be  considered, 
but  it  is  often  difficult  or  impossible  to  obtain  the  necestary  data  to  draw  valid  conclusions  concerning 
effects  of  exposure  to  noxious  agents. 

In  most  biological  processes,  there  is  a certain  range  between  those  levels  that  produce  r.o  effects 
and  those  that  produce  detectable  effects.  A detectable  effect  is  not  necessarily  one  that  is  irreparable 
or  even  a sign  that  the  threshold  for  damage  has  been  reached.  Ultimately,  a clear  differentiation  has  to 
be  made  between  biologic  effects  per  se  wh i ch  do  not  result  in  short  term  or  latent  functional  impairment 
against  which  the  body  cannot  maintain  homeostasis  and  effectiveness,  and  njury  which  may  impair  normal 
body  activity. 

In  considering  standards,  it  Is  necessary  to  keep  in  mind  the  essential  differences  between  a "personnel 
exposure"  standard  and  a "performance"  standard  for  a piece  of  equipment.  An  exposure  standard  refers  to 
the  maximum  safe  (incorporating  a safety  factor)  level  of  power  density  and  exposure  time  for  the  whole 
body  or  any  of  its  parts.  This  standard  is  a guide  to  people  or  how  to  limit  exposure  for  Safety.  An 
emission  standard  (or  performance  standard)  refers  not  to  people  but  to  equipment  and  specifies  the  maximum 
limit  of  emission  close  to  a device  which  ensures  that  likely  human  exposure  will  be  at  levels  considerably 
below  personnel  exposure  limits. 

To  insure  uniform  and  effective  control  of  potential  health  hazards  from  microwave  exposure,  it  is 
necessary  to  establish  uniform  effect  or  threshold  values.  Ideally,  effect  or  threshold  values  should  be 
predicated  on  firm  human  data.  If  such  data  are  not  available,  however,  extrapolation  f rom  wel 1-des i gned, 
adequately-performed  and  properly  analyzed  animal  investigations  is  required. 

EPIDEMIOLOGIC  STUDIES  AND  CASE  REPORTS 

A number  of  retrospective  studies  have  been  done  on  human  populations  exposed  to  microwave  energy. 

These  have  been,  for  the  most  part,  either  radar  operators  and  repairmen  or  personnel  involved  in  production 
and  testinq  of  microwave  equipment,  primarily  radar.  The  studies  may  be  divided  i n to  essent i al  ly  two 
categories:  those  seeking  general  effects,  and  those  specifically  seeking  changes  in  the  lens  of  the  eye. 

Daily  (2)  conducted  the  first  studies  on  United  States  Navy  personnel  who  were  exposed  over  a period 
of  time  in  the  operation  and  testing  of  relatively  low  power  radar.  No  evidence  of  radar- i nduced  pathology 
was  found.  L'dman  and  Cohn  (3)  examined  the  blood  of  121!  men  who  had  been  exposed  to  microwaves  for 
periods  from  two  to  36  months.  They  concluded  there  vas  no  evidence  of  stimulation  or  depression  of 
e ry th ropo i es i s or  leukocytopoies i s . A decade  later,  Barron,  Love  and  Baraff  (A,  5)  reported  on  a large 
group  of  radar  workers  who,  along  with  a control  group,  were  put  under  a four-year  surveillance  program. 
During  this  period,  they  underwent  repeated  physical,  laboratory,  and  eye  examinations.  The  examinations 
faile-i  to  detect  any  significant  changes  in  the  physical  inventories  of  the  subjects. 

A paper  by  La  Roche  et  aj_  (6)  of  a study  by  Zeret  reports  "ophthalmic  microwave  injury"  in  33 
employees  in  an  Air  Force  base.  It  is  important  to  note  that  the  authors  themselves  state,  "...however, 
since  preemployment  examinations  do  not  normally  include  examination  specifically  for  microwave  injury, 
there  is  either  limited  or  no  information  available  concerning  the  prior  condition  of  the  lens."  Also, 
of  these  33  individuals,  only  A were  negative  at  the  initial  examination.  One,  therefore,  has  no  means  of 
relating  the  results  of  the  examination  to  previous  history.  Most  important,  the  authors  State,  "...it  is 
not  certain  if  those  persons  showing  evidence  of  microwave  injury  on  first  examination  actually  received 
the  exposure  while  working  on  the  Air  Force"  base. 

No  cases  of  "microwave  cataracts"  have  been  described  in  the  Polish  literature  (7).  A higher 
incidence  of  lenticular  opacities  was  reported  in  groups  with  histories  of  uncontrolled  exposure  (8)  and 
may  possibly  be  related  to  poorly  controlled  exposure  conditions.  It  should  be  noted  that  published  case 
reports  of  microwave  cataract  in  man  have  ’'ot  been  adequately  subjected  to  editorial  review  and  reported 
in  the  open  literature.  Even  the  most  quoted  case  reports  of  Hirsch  and  Parker  (9)  and  Shimkovi--h  and 
Shi lyayev  (10)  have  not  established  a cause  and  effect  relationship.  The  validity  of  these  claims  has  not 
beer,  accepted  by  most  ophthalmologists  and  microwave  bioeffects  experts. 

Epidemiologic  studies  were  initiated  in  the  USSR  in  1957  to  determine  the  extent  of  the  health  hazards 
for  workers  with  exposure  to  RF  or  microwaves  (II).  Workers  were  examined  after  separation  into  3 groups, 
according  to  exposure  levels  (12). 

1.  Periodic  exposure  to  "high  energy  density"  levels,  i.e.  0.1-10  rhl/cm*  and  higher  beginning  in 

1953  (13):  _ , 

2.  Periodir  '■  -posure  to  "low  energy  density"  levels,  i.e.  0.01-0. I mW/cmz;  these  individuals  commenced 

work  a ...  I960  when  the  Soviet  standard  was  largely  in  force; 

3.  Systematic  exposure  to  low  energy  density  levels. 
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The  first  group  consisted  of  production,  technical  m^ntenance  and  microwave  equipment  raps  I r 
personnel.  Many  of  these  Mere  periodically  exposed  to  near-zone  fields.  The  second  group  consisted  of 
technical  maintenance  personnel  as  Mall  as  certain  categories  of  personnel  engaged  In  the  use  of  mlcrtMave 
apparatus,  research  workers  and  others.  The  third  group  consisted  of  personnel  engaged  In  the  use  of 
various  microwave  sources,  mainly  radar. 

The  clinical  picture  of  the  first  two  groups  was  characterized  by  the  presence  or  absence  of 
"restorat I ve"  processes  (I}),  and  functional  changes  in  the  nervous  system  and  cardiovascular  system. 
Individuals  in  the  third  group  showed  few  changes  which  could  be  differentiated  from  those  In  the  control 
group  and  consequently  could  not  be  related  to  their  microwave  exposure  (13). 

In  a study  reported  by  Czerski  and  associates  (7,  Ik)  and  Slekierzynskl  et  al  (15)  an  analysis  of  the 
Incidence  of  disorders  considered  as  contraindications  for  occupational  microwave  exposure  emony  Ski  males 
aged  20  to  k5  years  and  exposed  occupationally  to  microwaves  for  various  periods  was  made.  The  analysed 
population  was  subdivided  into  two  groups  differing  only  in  respect  to  microwave  exposure  - low,  i.e.  below 
0.2  nM/cm*  and  high,  i.e.  between  0.2  mW/cm2  and  6 mW/cm2 . No  dependence  of  the  incidence  of  disorders  to  be 
considered  contraindications  for  occupational  exposure  could  be  demonstrated.  The  Incidence  of  lenticular 
opacities  was  compared  between  both  these  groups,  as  well  as  analysed  within  each  group,  subdivided 
according  to  age  or  duration  of  occupational  exposure.  No  dependence  of  the  incidence  of  lenticular 
opacities  on  .>  e exposure  level,  nor  on  duration  of  occupational  exposure  was  found.  Significant  correla- 
tion with  age  was  demonstrated.  The  incidence  of  functional  disturbances  (neurotic  syndrome,  gastro- 
intestinal tract  disturbances,  cardiovascular  disturbances  with  abnormal  ECG)  was  also  analysed  and  no 
dependence  on  the  exposure  level  or  duration  of  occupational  exposure  (years)  could  be  demonstrated  (7)* 

A very  cogent  analysis  of  the  problems  In  occupational  surveys  has  been  made  by  Czerski  and  Slekierzynskl 
(7)  who  noted  that  analysis  of  occupational  exposure  to  microwave  radiation  is  fraught  with  many  difficulties, 
the  main  being  the  assessment  of  the  relationship  between  the  microwave  exposure  levels  and  the  health  status 
of  the  examined  groups  of  workers.  The  possible  role  of  other  environmental  factors  and  of  socl o-econom’ • 
conditions  must  be  taken  into  account.  As  often  happens  in  clinical  work,  it  is  difficult  to  demonstrate 
a causal  relationship  between  a disease  and  the  influence  of  environmental  factors,  at  least  in  indlvidut- 
cases,  large  groups  must  be  observed  to  obtain  statistically  significant  epidemiological  data.  The 
problem  of  adequate  control  groups  is  controversial  and  hinges  mostly  on  what  one  considers  "adequate." 

In  view  of  the  lack  of  adequate  instrumentation,  especially  of  individual  "dosimeters,"  the  quent.  1 tot  ion 
of  occupational  exposure  is  extremely  doubtful.  This  is  particularly  true  where  personnel  move  around  In 
the  course  of  their  duties  and  are  exposed  to  nonstationary  fields  (i.e.,  moving  beams  or  antenna),  as 
well  as  to  near-  and  far-fields  at  random.  It  is  impossible  to  quantitate  the  exposure  over  a period  of 
several  years  within  reasonable  limits.  Attempts  to  present  detailed  data  as  to  the  source  of  microwave 
radiation,  effective  area  of  i -radiation,  position  of  the  body  wlthrespect  to  the  field,  etc.  for  an 
individual  worker  for  a period  of  several  years  would  be  misleading  to  an  extreme  degree. 

PERSONNEL  EXPOSURE  STANDARDS 

Microwave  exposure  standards  are  generally  based,  with  some  variations,  on  those  developed  in  the 
U.S.,  USSR,  Poland,  and  Czechoslovakia.  The  original  U.S.  standard  was  tentatively  adopted  about  20  years 
ago  on  the  basis  of  theoretical  considerations  by  Schwan  and  his  associates.  This  standard  was  based  on 
the  "thermal  load"  that  a standard  (healthy)  adult  man  could  tolerate  and  dissipate  under  standard  environ- 
mental conditions  withojt  aay  resulting  rise  in  body  temperature.  This  tolerance  level  was  calculated  to 
be  10  mW/ cm7  for  continuous  exposure.  Intensive  investigation  was  subsequently  carried  out  by  the  U.S. 
Department  of  Defense  into  the  biological  effects  of  microwave  radiation  (16).  None  of  these  investigations 
produced  any  evidence  for  a biological  effect  at  levels  even  approaching  the  theoretical  limit  of  10  mW/cmJ, 
and,  indeed,  no  conclusive  evidence  was  established  for  any  effect  below  the  level  of  100  mW/cm2  that  could 
be  considered  hazardous  for  man  (16). 

The  United  States  standard  (ANSI  C95 - 1 ) of  10  mW/cm2  for  radiofrequency  exposure  recommended  in  1966 
and  reaffirmed  in  1973  is  at  least  a factor  of  ten  below  thresholds  of  damage  by  thermal  effects,  assuming 
a long  duration  of  exposure — i.e.,  one  quarter  hour  or  more.  The  10  mW/cn2  level  is  based  on  thermal 
equilibrium  conditions  for  whole-body  exposure.  For  normal  environmental  conditions  and  for  incident 
electromagnetic  energy  of  frequencies  from  10  MHz  to  100  GHz,  the  radiatior  protection  guide  is  10  mW/cm2 , 
and  the  equivalent  free-space  electric  and  magnetic  field  strengths  are  approximately  200  V/m  RMS  and 
0.5  A/m  RMS,  respectively.  For  modulated  fields,  power  density  and  the  squares  of  the  field  strengths 
are  averaged  over  any  0.1  hour  period,  i.e.  none  of  the  r Mowing  levels  should  be  exceeded  as  averaged 
over  xny  0.1  hour  period:  Electric  Field  Strength  Squared  - k0,000  V2/m2 ; 0.25  A2/m2;  Power  Density  - 

10  mW/cm2;  Energy  Density  - I mMh/cn2;  this  guide  applies  whether  the  radiation  is  CW  or  intermittent  and 
applies  to  the  general  public  as  well  as  workers. 

The  value  of  10  mW/cm2  has  been  generally  iccepted  by  industry  and  the  armed  services  in  the  United 
States  and  is  considered  to  be  the  population  standard.  The  British  adopted  the  10  mW/cm2  level  for  the 
general  public  as  well  as  the  military  anc  industry  after  careful  consideration  by  many  government  and 
independent  organ i zat ions  (I7)<  Sweden,  in  1961,  after  an  extensive  review  of  all  the  information  available, 
recommended  "the  maximum  permissible  intensity  (average  irradiation)  within  areas  where  personnel  are 
occasionally  to  be  found  is  10  mW/cm2  for  all  occurring  frequencies"  (18).  The  Federal  Republic  of  Germany, 
France,  and  M.V.  Phillips  in  the  Netherlands  have  also  established  10  mW/cm2as  a maximum  safe  level  (19,  20). 
The  standards  recornnended  in  various  countries  are  shown  in  Table  I and  figure  I. 

The  ANSI  C95.1  standard  dees  not  specify  an  upper  limit  of  allowable  short-time  exposure.  It  specifies 
a safe  value  based  on  average  dose  for  a period  of  0.1  hour.  According  to  this  standard,  no  individual 
should  be  exposed  without  good  reason  to  a power  density  in  excess  of  10  mW/cm2  for  a time  period  longer 
than  6 minutes.  On  this  basis,  it  permits  continuous  exposure  to  a level  averaging  10  mW/cm2;  momentary 
levels  in  excess  of  this  are  allowable  if  the  energy  density  does  not  exceed  I mWh/cm2. 

While  the  limit  of  10  mW/cm2  served  as  a practical  exposure  level  in  the  U.S.  Department  of  Defense 
for  several  years,  it  was  felt  that  the  duration  of  exposure  was  important  and  that  higher  levels  could  be 
tolerated  for  shorter  periods.  A guide  was  developed,  therefore,  and  published  In  1965:  Exposure  of 

personnel  within  a microwave  field  (300  to  300,000  MHz)  is  permitted  only  for  a specified  length  of  time 
determined  by  the  following  equation: 

T - 6000/X2 
P 

where  Tp  « permissible  time  of  exposure  in  minutes  during  any  l-hour  period,  and  X » power  density  (mW/cm2) 
in  the  area  to  be  occupied.  Because  exposures  of  less  than  2 minutes  are  operationally  Impractical,  the 
use  of  this  formula  for  power  densities  above  55  mW/cm2  is  contraindicated. 


TABLE  I 


i:  * 


Personnel  Exposure  Standards  for  Microwaves 


Max  i 

Perni  ss i b I e 


Power  Density 

( mW/cm'  ) 

F requency 

(Mn.  ) 

Country  or 
Agency 

Spec i f i cat  ions 

10 

10-100,000 

U.S 

ANSI 

NI0SH 

1 mWh/cm‘ t 24h 
8 h workday 

100-100,000 

ACGIH 

10  mW/cnr’TlV  - 8 h 
10*25  piW/ cni*  % 10  min/h 
25  mW/cnf  * ceiling  value 

300-300,000 

Army/Ai r Furce 

10-55  mW/cm' 
m i n “ 6000/ (mW/ cm" ) 2 

1 

300-300,000 

Poland 

0.2  mW/cm'-IO  mW/cm- 
(8  h - 11.5  s)  (SF) 

1.0  mW/cm^-10  mW/cm* 
(8  h * 4.8  min)  (NSF ) 

USSR*.*  ft 

15*20  min/ day 

0.  1 

Poland 

0.2  mW/ cm  * , 8 h ( S F ) 
24  h (NSF) 

USSR 

2-3  h/day 

0.025 

Czechoslovak i a 

8 h (CW) 

0.01 

Po 1 and 

24  h (SF) 

USSR 

8 h 

Czechos lovaki a 

8 h (pulsed) 

“Also  with  slight  mo,  Ification  - Canada,  United  Kingdom,  German  Federal  Republic, 

Netherlands,  France,  Sweden, 

"“$F  * stationary  field  (hr  » 32/W/m‘);N$F  * nonstationary  field  (hr  « 800/W/m2). 

***MPE  x 10  for  exposure  to  movable  beam  or  antenna. 

The  American  Conference  of  Governmental  Industrial  Hygienists  (ACGIH)  has  published  threshold  limit 
values  (TLV)  for  the  frequency  ranqe  of  10C  MHz  to  100  GHz.  The  TLV  for  occupational  microwave  energy 
exposure  where  power  densities  are  known  and  exposure  time  is  controlled  is  as  follows:  I)  For  average 

power  -.nsity,  levels  up  to  but  not  exceeding  10  mW/cnf  , total  exposure  time  shall  be  limited  to  the 
8-hour  workday  (continuous  exposure);  2)  For  average  power  density  levels  from  10  mW/cm'  up  to  but  not 
exceeding  25  nW/cm‘,  total  exposure  time  shall  be  limited  to  no  inure  than  10  minutes  for  any  60-minute 
period  during  an  8-hour  workday  (intermittent  exposure);  3)  For  average  power  density  levels  in  excess 
of  25  mW/cm‘,  exposure  is  not  permissible  (ceiling  value). 

In  regard  to  performance  standards,  a product  emission  standard  for  microwave  ovens  has  been  established 
in  the  U.S.  This  standard  specifies  a maximum  level  of  1 my/cm'  at  5 cm  from  the  external  surface  of  the 
oven  at  manufacture  and  a maximum  of  5 mW/cm‘  at  5 cm  from  the  external  surface  of  the  oven  throughout  the 
1 i fe  of  the  product . 

In  respect  to  the  ANSI  C95. t standard,  results  of  more  than  two  decades  of  laboratory  and  clinical 
investigations  indicate  no  adverse  changes  in  the  state  of  health  of  individuals,  even  after  many  years 
of  exposure  to  microwaves  within  the  specified  limits.  Although  we  need  more  data  relative  to  the  total 
energy  that  can  be  absorbed  by  man  without  adverse  effect,  analysis  of  the  state  of  health  of  individuals 
occupationally  exposed  for  15  to  20  years  to  microwave  radiation  levels  ranging  from  several  to  more  than 
10  nW/cm2  indicates  that  additional  precautions  are  unnecessary  (16,  21). 

Until  recently,  microwave  personnel  exposure  standards  for  most  of  the  Eastern  European  countries  have 
been  based,  with  minor  variations,  on  limits  established  by  the  USSR.  These  limits,  promulgated  in  1959 
by  the  USSR  Ministry  of  Health,  specify  maximum  safe  exposure  for  an  unlimited  period  of  time  at  0.01  mW/cm2 
(10  pW/cm2);  0.1  n*l/cm!  (100  'pW/cm2)  exposure  is  permitted  for  a period  of  2 hours  in  a 24-hour  period; 
up  to  I rW/crn2  for  20  minutes  in  a 24-huur  period.  Permissible  exposure  is  ten  times  as  great  for  radiation 
emanating  from  equipment  with  a movable  beam  or  antenna  (22).  In  addition,  levels  of  exposure  differing  by 
an  order  of  magnitude  are  permissible  because  uf  possible  field  gradients  and  limits  of  accuracy  of 
ineasuring  i nst  ruments  ( 1 2) . The  USSR  has  also  adopted  a maximum  electrical  field  intensity  level  for  electro- 
magnetic radiation  of  frequencies  below  the  microwave  band. 

It  is  of  interest  that  the  Soviets  do  not  consider  microwave  cataractogenes i s of  any  serious  consequence 
at  tow  exposure  levels.  The  Soviet  experience  in  the  area  of  microwave  bioeffects  has  been  summarized  in 
a book  from  the  Academy  of  Medical  Sciences  of  the  USSR  edited  by  Petrov  (22). 

A search  of  the  Soviet  literature  fails  to  reveal  substantiation  for  limiting  exposure  time  to  2 hours 
or  20  minutes  in  a 24-hour  period  to  levels  of  100  and  1000  pW/cm2,  respectively  Petrov  and  Subbota  (23) 

suggest  the  basis  for  the  Soviet  standard  Is  the  reports  noting  that  some  disturbances  occur  in  experimental 
animals  at  exposure  levels  In  the  vicinity  of  I mW/cm2.  Taking  this  value  as  a limiting  value  and  considering 
a full  workday  as  rounded  off  to  10  hours  they  arrived  at  a permissible  exposure  level  of  0.1  mW/cm2. 
Introducing  an  additional  safety  factor  of  10,  they  come  up  with  a level  uf  0.01  mW/cm2  (10  pW/cm2).  In 
genera)  It  would  appear  that  the  values  obtained  In  this  menner  from  experimental  studies  indicate  a large 
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safety  factor  and  can  be  applied  to  the  general  population,  but  It  teem  that  theta  value*  are  too  center* 
vatlve  for  pertonnel  tubjectad  to  periodic  medical  examination  such  at  In  the  Induttrlal  setting  (II). 

In  >972,  Poland  departed  from  the  Soviet  standard  on  the  batl*  of  an  extensive  study,  over  a I5*ye*r 
period,  of  a large  nuxfcer  of  civilian  and  military  pertonnel  occupational ly  exposed  to  various  levels  of 
microwaves  from  I to  more  than  15  years.  During  this  study  no  Instances  of  Irreversible  damage  or  dis- 
turbances caused  by  exposure  to  mlcrcxvave  radiation  were  encountered.  Any  disturbances  and  deviations 
from  normal  were  the .•  of  a functional  nature.  Medical  examinations  conducted  several  months  after  removal 
from  occupational  exposure  to  microwave  radiation  Indicated  a revert*!  of  disturbances.  A group  of 
selected  subjects,  who  were  examined  in  detail  during  a 5-year  period  of  observation,  were  found  to  be 
healthy  even  in  instances  where  permissible  radiation  levels  were  exceeded  (21). 

Under  the  new  Polish  stendard  (figure  I)  the  Poles  differentiate  between  stationary  fields,  continuous 
irradiation  at  a given  point,  tuch  as  a work  station  or  personnel  position,  and  Interrupted  Irradiation  at 
such  a point,  designated  as  nonvtationary  fields.  On  the  basis  of  these  principles,  they  have  differentiated 
safe.  Intermediate,  warning,  and  danger  tones,  where  the  boundaries  of  the  individual  tones  are  determined 
by  measuring  average  energy  levels  in  the  bands  from  300  to  300,000  MHz  in  watt*  per  square  meter. 

The  following  tone  boundaries  are  proposed  for  stationary  fields: 

1.  Safe  tone  - the  highest  level  of  energy  shall  not  axceed  O.i  W/m’  (0.01  trW/cm*). 

2.  Intermediate  tone  - the  boundary  values  of  radiation  level  shall  be  0.1  W/m* (0.01  mM/cm*)  at  the 
lower  boundary  and  2 W/m*  (0.2  mW/cm*)  4 the  upper  boundary. 

).  Warning  tone  - the  lower  and  up^er  boundary  levels  shall  be  2 W/m*  (0.2  mW/cm’)  and  100  W/m* 

(10  mW/cm1 ) . 

The  following  levels  are  proposed  for  nonstationary  fields: 

1.  Safe  tone  - the  maximum  permissible  level  shall  not  exceed  I W/m'  (0. I nM/cm*). 

2.  Intermediate  tone  - between  1 W/m*  and  10  W/m*  (0.1  irM/cm*  to  I mW/cm’). 

J.  Warning  tone  - between  10  W/m*  and  luO  W/m*  (I  mW/cm*  to  10  mW/cm*). 

k.  Danger  tone  - energy  levels  greater  than  100  W/m*  (10  mW/cin*). 

Permissible  time  for  a worker  in  a danger  tone  is  determined  by  the  formula: 

Stationary  field  t * 32/p* 

Nonstationary  field  t * 800/p* 

where  t • time  in  hours,  and  p “ average  radiation  level  in  watts  per  square  meter. 

CONCLUSION 

The  development  of  adequate  and  operable  standards  requires  comprehensive  evaluation  of  Information 
obtained  from  animal  experiments  and  surveys  of  Individuals  exposed  occupet lonal ly.  The  criteria  to  be 
used  in  evaluating  experimental  results  of  microwave  exposure  and  the  interacting  variables  in  such  assess- 
ment requires  the  exercise  of  informed  judgement.  Since  there  are  variations  in  the  criteria  used  in  many 
countries,  these  have  to  be  understood  and  evaluated. 

Guides  and  exposure  levels  in  force  today  appear  to  be  entirely  safe.  So  far,  there  is  no  documented 
evidence  of  injury  to  military  or  industrial  personnel  or  the  general  public  from  the  operation  and 
maintenance  of  radars  and  other  RF  and  microwave  emitting  sources  within  the  ID  mW/cm*  limit  of  exposure. 

Thero  is  no  evidence  of  hazard  to  man  from  RF  and  microwaves  under  normal  conditions  of  operation  and 
exposure.  Nevertheless,  concern  has  been  aroused  about  the  safety  of  personnel  in  intense  RF  fields  close 
to  transmitting  antennas  operating  in  the  frequency  bands  below  30  MHz.  Such  environments  are  in  general 
of  a near-field  type  which  precludes  the  measurement  of  power  flux.  Since  hazard  evaluation  in  this 
frequency  range  is  a function  of  measurement  in  the  near-field,  attention  should  be  paid  to  the  problems 
inherent  in  such  measurement. 

The  divergences  between  US  and  East  European  standards  are,  to  a great  degree,  due  to  differences  in 
basic  philosophy  ••  differences  which  appear  in  industrial  hygiene  and  basic  scientific  research.  The 
standard  used  in  the  US  and  most  other  countries  is,  as  already  noted,  based  on  the  amount  of  exogenous 
heat  which  the  body  could  tolerate  and  dissipate  without  any  resulting  rise  in  body  temperature.  This 
tolerance  level  was  calculated  to  be  10  mW/cm*  for  continuous  exposure.  In  contrast  with  US  standards, 
the  USSR  maximum  permissible  exposures  are  based  on  "asthenia"  syndromes  reported  by  workers  in  the  micro- 
wave  field. 

There  is  no  evidence  in  western  world  scientific  literature  that  the  present  US  standard  of  10  mW/cm* 
represents  a hazardous  exposure  level.  If  the  oeneral  philosophy  of  industrial  hygiene  in  the  United 
States  is  considered,  that  for  every  "toxic  substance"  there  exists  a concentration  or  level  below  Which 
no  injurious  effects  will  result  and  that  not  el.  "effects"  represent  "hazards,"  this  position  becomes  even 
more  sound. 

According  to  Magnuson  et  a_l  (2k),  the  industrial  hygiene  philosophy  of  the  USSR  basically  consists 
of:  I)  The  maximum  exposure  TT  defined  as  that  level  at  which  daily  work  In  that  environment  will  not 

result  in  any  deviation  in  the  normal  state  as  well  as  not  result  in  disease.  2)  Standards  are  based 
entirely  on  presence  or  absence  of  biological  effects  without  regard  to  the  feasibility  of  reaching  such 
levels  in  practice.  3)  The  values  are  maximum  exposures  rather  than  time-weighted  averages,  k)  Regard- 
lass  of  the  value  set,  the  optimum  value  and  goal  Is  zero.  Maximum  permissible  exposure  (MPE)  values  are 
not  rigid  ceilings  but.  In  fact,  excursions  above  these  values  "within  reasonable  limits"  are  permitted 
and  the  maximum  permlssibles  represent  desirable  values  for  which  to  strive  rather  than  absolute  values  to 
be  used  In  practice.  In  view  of  the  basic  differences  in  industrial  hygiene  philosophy.  It  does  not 
appear  that  the  standards  used  in  the  US  and  USSR  are  as  I rreconci lablu  as  would  appear. 

Well  designed  and  appropriately  controlled  epidemiologic  and  clinical  investigations  of  groups  of 
workers  and  others  exposed  to  microwaves  should  be  fostered.  Studies  of  workers  and  Individuals  exposed 
to  microwaves  or  RF  along  with  appropriate  control  groups,  should  include  a thorough  analysis  of  the 
exposure  environment,  including  average  power  density,  peak  power  density,  frequency,  and  pulse  repetition 
rate.  It  should  be  noted  that  epidemiological  studies  have  in  the  past  attempted  to  show  effects  but 
without  clear  indication  of  actual  power  levels  and  duration  of  microwave  exposure.  This  has  resulted  in 
widespread  uncertainty  and  confusion  concerning  the  safe  RF  and  microwave  exposure  levels  for  humans. 

Epidemiologic  surveys  based  on  prospective  study  and  analysis  of  exposed  human  populations  balanced 
by  appropriately  matched  controls  should  use  a well  designed  comprehensive  standardized  protocol  using  the 
most  modern  analytical  tools  and  computer-based  statistical  techniques.  Data  on  groups  of  exposed  persons, 
for  whom  sufficient  physical  information  on  th*  exposure  level  is  available,  such  as  in  therapeutic  use  of 
microwave  diathermy,  should  be  collected  to  provide  a basis  for  future  epidemiological  and  other  studies. 
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frequency  rang*  to  MM/  |u  MX)  OH/  ate  matte  Re*»n.sM|He 

'adialnm  level  under  normal  environmental  ctaxMions  is  m«|u  at*d 
as  follows  pone*  <fenvty  10  milliwatt*  pet  squat*  centimeter 
H)i  penods  of  0 1 iKtu*  u*  mote  energy  density  1 milliwatt 
htmr  p*»  square  centimeter  during  any  0 1 hour  period  Attention 
<s  drawn  to  ttie  »*UI*onsfnp  between  hudy  temperature  emulator* 
disorders  anil  environmental  beet  stress  ar»d  radiation  damage 

79  00003  Bureau  of  Radioioqn  a)  Health  Rocfcvrtle  Md 

RtQULATlONB  TQM  TH€  ADMINISTRATION  AMO 
CNRORCtMCNT  Of  THI  M ADIAT1QN  CONTIIOl  ROR 
HEALTH  AND  SAFETY  ACT  Of  ISM 

Jut  1974  1 p 
OMfW  7 DA  7S  9003i 

The  Radiation  Control  for  Health  and  Safety  Act  was  signed 
fry  the  President  on  Ot  totter  1®  196®  The*  purpose  of  this  Act 
was  to  protart  the  pot) lit.  from  uhneiessary  eiposu’e  to 
'adiation  from  electronic  products  Radiation  covered  in  the  Act 
v\'M  called  electronic  product  radiation  «rvd  was  defined  to  mean 
any  io">/rng  o»  nornom/mg  electromagnetic  or  particulate  radiation 
or  ar»v  sonic  mf resume  or  uifresonn  wav*  which  is  omitted 
from  an  electronic  product  as  ino  result  of  the  operation  of  an 
election  u circuit  m such  product  The  provisions  of  the  Act  give 
the  Secretary  Department  of  Health  E dm  at  run  and  Welfare 
authority  to  establnh  and  carry  md  an  electron**  product  radiation 
control  program  which  shall  rntl-.ide  performance  standards  for 
electronic  products  The  regulations  » ordained  herein  have  been 
promulgated  under  that  authority  The  Bureau  of  RadmlogHat 
Health  is  responsible  for  the  day  to  day  ojwietion  m » arrymg 
out  the  Act  s mandate  for  an  electronic  product  radiation 
control  program  A principal  objective  of  the  program  is  to  protect 
the  public  health  through  setting  and  enforcing  electronic  radiation 
emission  performance  starmaxK  This  compilation  »s  revised 
periodically  and  efforts  ate  made  to  provide  an  accurate 
reproduction  of  the  regulations  up  to  the  data  of  tins  'Plication 
his  publication  contains  those  regulations  published  in  the 
MDEHAl  REGISTER  through  April  20  1974  To  maintain  current 
information  on  amendments  or  itetetw-s  to  21  CE  R Subchapter 
J end  for  the  official  regulations  the  matter  shown.  consult  the 
latest  issuances  of  the  EE0ERAI  REGISTER  and  the  Cotie  of 
federal  Regulations  Title  21 

79  00004 

MEDICAL  CONSIDERATION®  Of  IXfOlUll  TO  Ml 
CROWAVC®  (RADAR) 

C I Barron  and  A A Beraff  1 Nov  19S®  1 p Rep* mu* d 

from  J of  Am  Med  Assoc  196®  p 1194  1 199 

in  19S4  a medical  surveillance  program  was  instituted 
covering  339  employees  working  with  or  ei posed  to  micro*1  aves 
m an  airframe  manufacturing  company  Elimination*  were 
performed  at  intervals  of  6 12  end  24  months  in  an  effort  to 
rtetect  acute  or  cumulative  biological  effects  of  exposure  at  venous 
intervals  lo  energi/ed  radar  beams  in  die  400  to9  000  me  range 


end  with  peak  powe*  output  ttcvodmg  owe  megawatt  Whenever 
potubfe  iderdreel  siemrnetrons  were  afeo  eccomphtlned  on  a 
nomiimwl  control  group  The  eaemmehom  faded  to  detect  eny 
ugndtcent  changes  m the  physical  inventories  of  the  lubfectt 
The  incidence  of  death  and  chrome  disease  sick  leave  and 
subjective  comptamts  was  comparable  w both  groups  A high 
percentage  of  eye  pathology  was  identified  but  none  with  tense! 
relation  to  the  hyper  t her  nue  produced  by  micro  wave  absorption 
fertility  studies  revealed  essentially  the  same  findings  for  both 
groups  laboratory  studies  for  total  red  and  white  blood  ceft 
counts  end  differenhel  counts  revealed  no  significant  changes 
above  those  noted  in  the  control  group  Urinalyses  end  chest 
X teys  were  nonconinbutoty  with  respect  to  radar  eaposutfi 
Elect  • 'pboretn;  serum  protein  level  determinations  went  performed 
on  26  subjects  with  uougnificeni  or  accountable  deviations  m 
10  Platelet  counts  end  controlled  cepttiery  fregdity  studies  for 
Rumpel  leerte  phenomenon  revealed  the  Vafacy  jf  unrig  either 
tu  identify  radar  eeposure  In  addition,  only  a small  peicentege 
of  the  eiposed  subject*  were  aware  of  heat  or  ollun  subjective 
warning  phenomena  Neither  these  tests  no?  subjective  comptamU 
were  considered  reliable  mdeees  of  eipoeure  Absolute  oi  safe 
tnaeimum  eaposure  standards  were  impossible  to  define  inasmuch 
as  no  *adar  induced  pathology  could  be  identified  The  need  for 
more  precise  and  refined  esposure  data  is  indicated  On  the 
basis  of  these  studies  thete  appears  to  be  no  public ctioo  for 
publu  concern  about  the  effects  of  greatly  attenuated  microwave 
energy  m the  environment 
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THI  ACTION  OR  MtCROWAVt  RADIATION  ON  TH®  EYE 

R l Carpenter  and  C A VanUmmarsen  1969  1 p refs 
Repr  from  J Microwave  Rower  f Canada)  v 3 1969  p 3 19 

Microwave  power  can  cause  formation  of  opacities  m the 
tens  of  the  rabbit  eye  eaposed  to  continuous  wave  or  pulsed 
wave  radiation  at  frequencies  from  2 49  GHi  to  10  GH/  When 
the  eye  is  irradiated  in  a free  hew  tiff  opacity  (cataract)  develops 
hi  the  posterior  part  of  the  tens  In  location,  form  and  growth 
•t  resembles  cataracts  caused  by  tom/tng  radiation  When  the 
eye  «s  irradiated  al  I he  same  frequencies  as  part  of  a closed 
waveguide  system  the  cataract  develops  m the  anterior  part  of 
the  tens  tike  those  caused  by  infrared  radiations  Although  for 
every  power  level  there  is  a minimal  exposure  period  which  wilt 
cause  an  opacity  repeated  shorter  espoture*  can  have  a 
cumulative  effect  the  men  determining  facto?  being  the  time 
interval  between  successive  exposures  E apenmenta1  evidence 
suggest  that  microwave  cataracts  are  not  simply  a result  of 
microwave  heating  but  are  caused  by  soma  othei  property  of 
the  radiation 
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BIOLOGICAL  ERR8CT9  AND  HEALTH  IMPLICATIONS  OR 
MtCROWAVt  RADIATION  SYMPOSIUM  PROC9BDINGO 

Stephen  7 Deary  ed  Jun  1970  2 p Symp  hafd  at  Richmond, 
1969  sponsored  by  Medical  Cob  of  Va  Va  Commonwealth 
Umv  and  Bureau  of  Radiofogicaf  Health 
iDBE  70  ?> 

The  primary  goal  of  the  Symposium  on  the  Biological  Effects 
and  Health  Implications  of  Microwave  Radiation  was  to  provide 
an  indication  of  tl«e  present  state  of  the  art  m this  area  The 
proceedings  are  a compilation  of  the  31  technical  papers 
presented  the  deliberations  that  followed  each  one.  and  the 
two  panel  discussions  that  concluded  the  meeting  Since  there 
is  a great  deal  of  uncertainty  concerning  the  affects  of  low  intensity 
m it: row  iv*  and  ratho  frequency  radiation  on  the  mammehen 
central  nervous  system  a concerted  etlcut  was  made  to  include 
i comprehensive  presentation  of  various  aspects  of  this  problem 
i he  maturity  of  the  CNS  effects  on  humans  wv;e  reported  by 
scientists  from  the  USSR  and  Eastern  European  nations  The 
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dAtorenl  m*ooPigoPoi»  studying  wmtle*  Magical  aPtoct*  •*  m many 
caaaa  i endued  ddhcolt  * not  *********  The  dwcuaaion  <1  ttra 
praeani  situation  and  iuggo*liam  lit  x madm*  Pot  Phoao  dtPhcuPPw* 
piooonpod  m pfia  **mpo*ium  inn  at  an  tmpelua  Pm  the 
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CATARACTS  AMO  ULTRA  INCH  RMOUCNCY  RADIATION 

0 a Cogen  S I I t<Pi*i  and  M Luton  PMC  I p hepi 
item  Ai«P«  PndufP  Health.  « PC.  PCM  p 2M  302 

UtpiaP  gPi  hequency  radiation  lap  AM  MHtl  mat  reeeetedPy 
appPiad  po  rabbit*  m doaaa  n**i  tPw  PatPiai  lavat  ftebbiti  were 
aapoaad  m ituee  group*  Group  A focatvad  CO  mPM  /*q  cm  dutmg 
20  Po  30  nun  onco  aMUp  hr  I t»  P aula  Group  C an 
irradMPad  daily  laacapp  m pPia  wnkandal  Pot  a (oral  oP  PO  aapoauma 
aP  CO  mPN  /*q  cm  during  20  nun  Group  C rocwvnd  PO  aapotuiaa 
at  ptia  raia  oP  2 aapoauraa  a weak  the  pourai  Penan*  ati 
*0  mW  aq  cm  Por  PS  mm  m S animal*  and  30  mPN/tq  cm 
Pol  CO  mm  m 4 ammaPa  The  radiation  eras  distributed  ovar  tPia 
wPwPa  body  No  eatar-rt*  daualqpad  PoPPowmg  PPia  aapoauraa 


TIM  RAM  TlIRCCIIOtO  RON  MNCROPMAVC  A NO  INRRA 
MID  BAPHMIOHI 

PP  I Cook  PM2  1 p rah  IPapr  from  Cnt  J Phyami 
(England!  a PPC.  PM2  p P PP 

A maPProd  ol  stroking  pPrarmal  pam  by  a irucroweve  alimuPu* 
IPO  cm.  3000  MPPtl  ■•  dttenbed  and  PPia  raaulra  obtained  on 
normal*  toporPad  These  about  dial  IPra  *Pun  lamparaPura  at 
aahich  pam  it  Palp  t*  mdapandani  ol  all  vanabP*  Pacior*  On  pPio 
other  band  iba  taxation  mramupy  (or  ao  carPad  pam  thrsePwPd) 
dapandt  on  aapoaad  area  aapoama  puna,  mmal  tkan  lamparkPura. 
anaaorrucal  ana  and  PPrarmal  conductivity  An  aquation  baaad  on 
tPiormaP  How  ptioory  a given  wbtcb  aapPama  aatialacPonPy  «Pra 
raauba  obtained  unPb  abort  aapoauraa  to  irucrourauaa  E*  tension 
ol  ptaa  theory  Po  aaplain  Iba  ratulpt  ol  worker*  inmg  mfrarad 
pom  apunuk  ta  aPao  auccaatkil  Consideration  ol  PPia  tolaralad 
********  ol  PPiioo  typoa  ol  ibatmopamc  tpdi apron  laadi  to  tPia 
raauN  PPiat  tba  energy  aOaorpbon  m iba  hral  12  mm  ol  tupathcial 
ha  sue*  * tba  aama  lor  aM  KAutaai.  il  oPPiar  Pacior*  arc 
conaianp  it  >a  hjrpPiar  auqpaalad  lliap  a vital  Pacior  on  urfucPi 
ppiorinal  pam  ■*  dapandanl  >a  ptaa  lampa’atura  ol  and  organa  local a<1 
anpPun  Una  dapplt  ol  liaaua  Critic  am  ol  tba  Hardy  PAMHGoodaU 
maPbod  ol  tbarmaP  pam  atudy  i*  moda  It  a auppaalad  that 
baardaa  dtp  moaawramanP  ol  mitial  and  and  poml  *km  (ampara- 
turoa  ilia  otaamanon  ol  tPia  rata  ol  mcraaaa  ol  akm  lamparaPura 
would  bo  ol  vakaa  m providing  mlopmaPion  ipgankng  tbarmaP 
conducltvtly  Tito  quqalton  ol  apaPtaP  aummaPton  ot1  pain  and 
vaantiiPi  aonaaa  a pkacuaaad  vary  PpnaNi 
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CUMCAi  AND  NVNMMC  ACRCCTC  OR  CXROOUM  TO 
•UCTROMAONCTTO  RNIOC:  A MVMHH  OR  R0VMT  ANO 
•ACTCRN  SURORCAN  UTCRATVM 

C H Oqdga  Pi 70  3 p tala  Rapt  Prom  CwP  Itacta  and 
Haattb  ImpItcaPran*  a*  Mrcroyaava  RadiaPion.  Pi 70  p P40  PAC 
li  t»  auggaalad  Pbai  a and*  vancty  ol  nouroloeica!  and 
pPtyaiobqpcA  taacltona  ata  po  Pa  aagaclod  dunng  aapaa ura  to 
nontliaimal  Pit.  Paaa  than  PO  mPN/tq  cm)  IraPd  mpanamae 
avitPun  an  aapvamaly  and*  tanga  ol  liaquonciaa  PaggroaiifiAAoly 
30  300  000  MH*|  Tbaaa  loacpton*.  urPxb  arc  ganataiy  lavambia. 
ara  oNan  documontod  aa  a raauN  ol  human  aagoauia  Po  hold 
mlanaitiaa  aa  Pom  aa  a Pam  microwatt*  /aq  cm  Thmr  ara  laportad 
to  faa  primarily  aPPacta  upon  iba  narvoua  *******  and  toPPacl 
PiadmonaMy  hoavy  Somal  ampbaai*  on  Hta  control  narvoua  ayalam 
So* HI  and  tail  European  hndmga  m tPua  araa  ara  (PtaraPora  m 
aPnkmg  contra*!  to  tbaaa  ol  iba  Meat  mPucb  have,  m iba  mam 
dacunroiMd  non  CN*  taapanaaa  Po  Pbarmal  (ia.  greater  ilten 
PO  mPN/»q  cm)  aaenarlwa  Only  m IPta  realm  ol  human  ondottmo. 
vimwI.  «4  akm  rscappor  raaponta*  lb  thermal  miciowavk  burden* 
w any  rear  *ub*iantive  apraamanp  balwaan  Soviet  and  PNtOPom 
hndmg*  to  be  Pound  TPia  aubatantraky  Power  Sowat  and  tael 
European  dauy  mammum  parmiaaWlr  doaa  IMRO)  valua  tor  humor, 
atpoaute  to  miciowava  radiaiion  appaa r*  to  be  baaad  upton 
ertanstva  hnchng*  ol  human  aubpacpiva  and  olPtet  CNS-iatoPod 
tmgonaoa  to  aaptamory  low  miciqwava  hold  mpawadia*  and  upon 
conaidarabto  CNS  onanpod  raaoarch  on  animal*  conducted  m tbaaa 
eounpnaa  Tbaaa  hndmg*  alao  mdicaPa  that  attentive  daannkPnt 
tunny*  around  mduttnaP  and  nvtoary  aourcoa  ol  microwave 
•adwlton  wore  conducted  m tbot*  uounmea 


TC-M019 

NCATMO  CHARACTVMCT1CC  OR  IAOONATOOV  AMMAtC 
(XROMO  TO  TtN'CCNUMCTVN  MtCNOHMVCC 

T S IPy  0 E Goldman  and  J 2 Haaron  Oct  PRM  1 p 
rah  Rapnmod  horn  IEEE  tlnat  I lac  I lac  Iron  Engr  |.  Tran;) 
Cm  Mod  Eng  . v II.  Oct  PM4  p 123  13? 

EapanmanPH  annual*  ware  pgiiid  to  a PO  cm  nuctowava 
PiaH  m order  to  uudy  the  heating  and  cookng  characporauc*  ol 
tha  entire  ammo)  *nd  Pocatood  aanarltva  tiructuiot  Tha  Ranks 
ol  im*.  rabPnta  and  dag*  wore  aepotad  and  iba  whoto  body 
h taimg  unt  obtarvod  Altar  bi ating  tba  coolmg  curve  wee 
o Aetmmad  SimaarPy.  raameaad  am*  held*  ware  uaad  Po  study 
hoMmg  and  cookng  ol  ayoa  and  laatoa  Data  on  tha  hoabng 
and  cookng  rare*  more  uaad  to  dawrmro  iba  moat  tanatlrva 
•tructuroa  Tha  aapcnmanpal  hndmga.  Pogathai  with  tha  vokraa 
tor  coma  partmant  tatotod  lector*  hem  the  bpotature.  prowrda 
tha  bear*  tor  an  aanmaPton  ol  tha  poaatoto  nek*  to  man  horn 
MPOWft  10  WOOOOOt 
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RAOMTION  CMCCTC  ON  TNC  IHC 


HI 


W J UmihK  IX I *9/0  t p Rapnntad  tuim  Inti  M«it 
V.'M  v 39  Ott  1910  p 441  490 

tha  «dy,tt  ol  hv*  typut  of  laihdtwn  namnly  mnKm) 
udiamtrlol  naat  mhatatt  fat  mb#  wl  «n«l  mmiMMm  on  tha 
tyu  a>a  ihttuitad  fha  tathalton  m thatu  >agionm  poaaa 
pofanhal  itangati  *o  tha  human  ay*  agamtl  wh«h  ptolaction 
and  control  aia  of  high  importance  Oangmt  of  ovuiaagotuiyi 
a>a  ifhuoal  wilh  iugga»tat1  putnutuhla  aaputuie  tavaft 

fl  ONII  Naval  Mad  cl  Rttaarch  Inal  lathatda  Md 
•lOltO* KA9MV  04  R«l»ORT«0  OlOtOOICAt  4HCN04MNA 
I4444CT9*  AMO  CUMCAl  MAN1949TAT10M9 
ATTMOWTtO  TO  MI09OWAV9  AMO  AAOIO  4MOU4MCT 
AAOfATfOM  0U4RUM9MT  NO  4 MtOlCAl  R404ARCH 

/ ft  Glamr  Jun  It/]  I p 
'AD  / ?04  J 1 ' 

Mo>o  than  32ft  additional  totatuncut  on  tha  hmtugical 
'•tpontua  lo  tatlio  hnguancy  and  micowav*  tadwlion 
pubbthutl  up  tu  May  It?)  aia  mcluriad  m Hut  t»fUioa*aphy  cl 
tha  wo*  Id  Maiatuia  Ratbculai  atta  dion  hat  boon  paid  to  tha 
affaclt  of  non  Hun/mg  iadial<nn  on  man  at  lhata  buguanciat 
Tha  otaimn«  aia  anangad  atphataaticaMy  tiy  aiibuw  and  contain 
at  much  inhumation  at  putvblu  to  at  tn  attuia  affactiya 
•atnaval  uf  tha  ongmal  ilocumantt  Sotnat  and  (att  t utopian 
iitaiatuia  <t  .nciudail 

71  00014  Ivaa*  htogtam  h>i  Seianhlic  fiantlaliont  ltd 
Jaiuaatam 

OlOtOOICAt  IMICT  04  MICROWAVtt  IN 
OCCUPATIONAL  NVOWNt 

/ V Gonh-n  tt/0  I p fiantl  mto  INtillSM  nl  tha  boot 
Vopioty  Cigiany  Tiuda  > Biotogichutbogn  Oauhttya 
datpomagnitnyth  Rului  Svaikhvytoaikh  Chaitut  tanmgtart 
•yd  Vo  Mad  Pratt  INI  Sponwpad  by  NASA  and  NS/ 

• NASA  TT  f 033  IT  70  5004? 

Rvu.ttc  ol  yaait  nl  mvattigaliont  m rtiHannianon  wdh 
laboiahuy  paitonnal  in  tha  fialitt  ol  m i upationai  hygtunu  anti 
tmPogical  adactt  ol  tathti  fiaquancy  ataclromagnatic  madiation 
aia  ganaialiyad  foi  I ha  tanga  nl  tupuihigh  liattuanciat  'SH/i 
f.  mphatit  hat  baan  placad  on  tha  occupational  hygiana  of 
paitonnal  wotking  with  SMI  tou'cat  and  on  pint  action  agamit 
Itatumantal  adactt  attablithad  by  clinical  and  aipanmtnlal 
mvattigatmnt 

70  00017 

olotooiCAt  imcn  04  raoio  tmouincv 

■ tlCTAOMAONtTtC  71410ft  NO  4 

l V Gordon  1473  t p It  apt  horn  a duttian  J no  4 
< Mount* i p ? 14 
iJRRS  #337  I ' 


70  00010 

ANAtYMO  04  (UCTROMACN4TIC  7I4LD0  IN0UC4D  IN 
•lOtOOICAt  Tt 00040  *V  TH4AMOOAA4HIC  ITU 014 4 ON 
■QUIVAtINT  PHANTOM  MOOIlft 

A W Guy  lab  10/1  t p ialt  Np  hom  1C E ft  (Intt  tlac 
tlacbon  (ngi  Tiant  V MTT  Ift  no  7 lab  1971 
p 20ft  214 

Qna  of  tha  mott  rating  piototamt  m ttudiat  maotying  tha 
mtaiaction  ol  atacbomagncdic  haldt  and  livrng  bmtogicat  tyttamt 
and  bttuat  it  tha  ouannhcation  ol  tha  haldt  mrtucad  m tha 
tittuat  by  naaiby  toutcat  Tbit  rutpai  datenbaa  a mat  hod  ku 
rapid  aval  nation  ol  thata  haldt  in  bttuat  of  artMtaiy  thapn  and 
chatactantlKt  whan  thay  pa  aipotad  lo  vanout  toutcat  including 
plana  wavu  apartuiu  dot  and  <XpOa  tou'eat  Tha  mathod 
yahd  lot  both  lai  and  naai  to na  haldt  mvotvai  ilia  uta  ol  a 
thatmogiaph  canwa  hu  tacotdmg  lampaianua  ditlntoutioni 
prodocad  by  atwgy  abtwpbon  m phantom  motM*  ol  Ih*  bttua 
tbuctutut  Tha  magmtoda  of  II  a alaclnc  Said  may  than  ba  oblamad 
anywhata  on  tha  modal  at  a function  ol  tha  up. aia  tool  ol  tha 
maomtuda  of  tha  cakulatad  haabng  panarn  Tha  phantomt  ara 
compoaad  of  matunah  with  tbalacltw  and  gaomabic  piopadiat 
•danKal  to  fha  bttua  ibuciutai  wTwch  thay  taptatani  Tha  vahddy 


ol  tha  tathmgua  it  vtnlittl  by  compatatg  tha  tottiDti  nl  lha 
aapanmanlat  approach  with  lha  thaorabcal  raauttt  oMautad  lot 
tha  cat*  ol  tdana  tayan  ol  bttua  atpoaad  lo  a tactangulai  toartyra 
souk  a and  cyhndncal  layatt  ol  Irttua  aipotad  to  a plana  wava 
tunica  Ihtt  tachmtpta  hat  baan  utad  tuctatthdly  by  lha  tut  hoi 
lot  imp! wring  miciowava  apphtalott 

79  00019  Madical  Biological  lab  KVO  TNO  Rytwyk 
tNarhailandtl 

OUMMARttm.  BIOiOOICAl  I444C10  04  MICROWAVI 
RADIATION  RART  0 AROTRACTO  ON  MICROWAVB 
RAOtATION  I444CT9  ON  HUMAN  ANO  ANIMAL 
4HY0KK00ICAI  4UACTTON9  ANO  U4I  4XR4CTANCY 

H Meanng  and  4 M M Vanotch  May  1977  1 p 
MOl  172  4 TDCR  ft >914  4t  ftl 

Abtnactt  un  lha  biological  adactt  ol  nuctowaua  tathalion 
tin  humant  and  arumalt  in  ptatanlod  Data  coral 
hamodynattuc  tatpnntat  btotagtcal  rhythm  changat  mutcutai 
ladatat  aya  ught  dactamanl  and  aanout  othtb  phyticat  damagat 
and  adactt  un  hla  atpactancy  ol  atpoaad  mthyrdwalt 

79  00010 

CUTAN4OU0  R4C44TOR  RttORONOI  TO  MIC  ROW  A VI 
IRRADIATION 

I Mamba  t 1000  I p Rapt  hom  That  mat  RrobNmt  m.  Aaroapaca 
Mad  19M  p 149  141 

DtHatancai  m conducbva  and  yolumoinc  tittua  hoobng  wata 
mvattigatad  m an  allartpl  to  alucidaio  dm  mathamtm  ol 
eclanaout  warmth  tarnation  to  miciowava  madiation  Tha 
toiahaad  wtt  talactad  at  fha  ataa  hp  tludy  tubpKtt  wata 
umvartity  ttudantt  and  labo'atwy  paitonnal  nl  both  tatat  It 
wai  lound  that  both  mhatad  and  miciowava  tbmuli  that  wata 
capabta  ol  t voting  tniathold  aantabont  producad  a lompotMuta 
mciaata  ol  baiwaan  0 01  and  U 02  C ol  lha  layat  fymg 
200  miciont  daap  uvar  iNit  HxaMd  1000  imctont  balbw  tha 
tutlaca  Analytia  ol  lha  mhatad  data  mthcatad  that  lha  thiaahoM 
ol  waimih  tantalum  could  ba  conalatad  with  a lamparatuto 
nta  ol  about  002  C occuinng  about  200  mictont  balow  lha 
tutlaca  ol  tha  tkm 


74-00941  Wathmgton  l/ntv  . Saattta 

NOmONIXINO  4UCTHOMAON4T1C  tWAVft  477CCT9  IN 

4HKOOICAI  MATCRIAtt  ANO  9V«T«MS 

C C Johnton  and  A W Guy  Jun  1472  1 p Rapt  hom 
lift  Unit  I lac  I lac  bon  fng  I v 40  Jun  1472  p 442  714 
• NIH  4 R01  R10052B  02  NlH  GM  14434  NIH  GM  140001 
Conudatabon  ol  lha  piobtam  n»  rmetowava  panatiatmn  into 
lha  body  with  latubant  mtamal  powai  abtorption  hom  both  lha 
thaot atica!  and  anpanmantat  mawpomtt  Tha  taaultt  ara  tXacutaad 
m tat  mi  ol  ihatapaultc  watmmtj  ol  bttuat  and  ponatMa  hptarda 
cautad  by  mtamal  hot  tpott  Tha  abaorphon  and  teat  taring  adactt 
ol  tight  m bttdogtcal  bttuat  ara  taviawad  Mou  rula’  abaotphon 
paakt  m tha  optical  tpachum  aia  utalul  lot  makuHt  motacutoi 
concanttabon  maatuiamantt  by  apacboacapy  Much  ol  tha  talatad 
woik  m tha  Iitaiatuia  ta  aummaiuad  torn#  ntw  tvtuda  aia 
pratantad  and  tavatal  utalul  appkeabont  ol  wava  amugy  and 
madical  mtbur.tantt  ara  diKuaaad 

79-00044 

RHV9KKOQIC  HAZ*  ROO  04  MICROWAVt  RADIATION: 
A 9URVCT  O?  RU9U  INI 0 UTCRATURC 

M Kalant  1959  1 p Rapt  hom  Con  Mad  Ataoc  J v 91. 
1954  p 57ft  &42 

A hat  daahng  with  tht  phyatcal  chaiactanibct  and  bantmiaaion 
ol  true  row  a va  tathalion  ik  p?R|.  and  lha  machantama  ol  mtetomava 
anatgy  convaiuon  in  tit  uaa  aapanmanlal  laamna  ptoducad  by 
MWR  and  tha  guanblat  ft  aapaett  ol  mtcioa-tva  hwatda  aia 
' aviawad  Tha  biological  -jgnihcanca  ol  nonlhaimal  adacta  ol 
M NR  it  dttcutaad 

7ft  00043  National  Atronautici  and  Spaca  Admmmtiation 
Waahmglon  0 C 

THI  1771 CT  04  1 14CTROMAON9TIC  ANO  MAO  Nl  TIC 
lit  LOO  ON  TNI  C4NTRAI  NCRVOUt  4V9T4M 


M 


Yu  A Xholodoi  19N  t p Tienel  mH»  INGUSH  Inn  Ruaaten 
Ml 

(NASA  TTF  4«»l 

The  phyatMeprcal  mechetwam  ol  il<*  ettvcl  ol  electromagnetic 
betda  lEMFI  on  the  tunclrcne  ol  dtp  brem  *h  atudurt  uatng 
eNcdophyiiolopccI  and  conddtonad  rebel  maihnda  Vanoua 
meahode  ol  recording  motor  ectrvdy  and  determrmng  rh#  aanaittvitv 
to  ehhtneal  and  chemical  ehmuh  and  mmphelitpicoi  meWtoda 
t*»  deacnbed  The  eaperimentrd  mmol  were  dtReteol  claim 
ol  wMtain  beginning  with  hah  and  ending  with  ma  naii 

IMMM 

TMO  OtOiOOICAl  ACTION  0*  ULTRAHIQH 
Fftk  QUINCIES 

A A letovel  and  7 V Goidon  IHO  I p Re*u  Horn  Acad 
ol  Mad  Set  iMoacowl  I MO 

rtoooM 

•MOOT  AMO  ULTRA  OMORT  WAVE*  IN  OlOLOQV 

A liebeany  Urban  anc1  Schwattenbeig  Vtanna  1131  I p 

Ttootn 

RAOIATIOM  CATARACTOOENtltO 

S lorrnan  INI  1 p rata  Hip  I tom  New  York  Siam  J ol 
Mad  « 57  INI  p SOT  SO* 

The  ay*  n unowady  aanatlnta  to  many  lot  mi  ol  the  tyro 
maiot  typaa  ol  terbelion  ,+ve  alactiomagnattc  apecdum  and 
cotputculat  tadtaltun  Radio  wevee.  long  wave  dtainatmy  and 
vnitda  tayt  uaueHv  do  not  ptodtKa  calatacla  but  abort  warn 
dtaihatmy  and  mh*itd  and  ulltaytolai  'adtatton  Hava  a dabmta 
catat  'ctoganic  potannal  Why*  giant  taya  bat  a tadiation  and 
coamic  taya  may  produce  catatacta  thay  am  nl  little  eigmKca-u.e 
•n  companaon  with  otHat  bum*  ol  tadiation  cetaiectogeneue 
Neultone  'oantgen  uya  and  gamma  taya  poaaaaa  tha  moat 
lyttom  caiaiactogonic  po lanital  Tha  catatacta  ptoducad  by  Ibaaa 
thiaa  toima  ol  tadiation  an  vm.lai  in  appaatanca  and  ettuctuie 
conataung  imiiehy  ol  poatanoi  aubcapaulai  and  conical  opaciltaa 
equiimg  latant  panoda  baloia  becoming  v.v.bte  and  Occulting 
Unlit  doaOv  that  do  not  nacaaaanty  pioduca  any  otbat  dime  ally 
avidant  leemne  One  ol  tha  eariieet  chemical  changaa  obMttvad 
in  tha  tana  tuttoynng  aapoauia  to  X tadiation  it  a laput  laM  in 
tha  tavat  ol  SH  tautlhydryll  gioupa  Eapanmonta  on  lata  Nava 
\uc]cjpntad  that  tna  initial  duact  effects  ol  X taxation  ol  tha 
tana  may  ha  dua  to  da  action  on  RNA  (nbonucieie  acid  I and 
ONA  idatovynbaaa  nucleic  acid  I within  tha  tana 

7IMMT 

QUESTIONS  OM  TNt  APPLICATION#  OP  MICROWAVES 
AMO  UlTAA IONIC  MAVM  IN  MCOICIMt  IVOPROIY 
PAKMMNtVA  ROROTRIRM  I ULTRAROROTRIRH  VOiM  V 
M4  OITAIM#  | 

N N Malm  Moacow  1M0  I p In  RUSSIAN 

79  00039 

PHYSIOLOGICAL  IMICTI  OP  TMIRMOOf  AND  Ml 
CROWAVt  STIMULATION  OP  PIRIPHtRAL  RCRVtt 
R O MeAlaa  INI  I P tala  Rapi  bom  A mat  J phywol 
v 103  no  I INI  p 374  ITS 

Phyaioiogical  attacta  ptoducad  m eala  doga  'abtutv  and 
•ata  by  imcowey*  madiation  <3  cm  tadai  and  II I cm  Micro 
that  ml  ata  duplicator!  m thoaa  animate  by  baatmg  pattphatai  larval 
with  a waim  water  or  lawatanca  wue  tltatmoda  IdanKal  aRacta 
occui  urban  a tamparatura  tanging  between  45  47  C ra  attamad 
by  oitbar  ol  thaaa  moana  at  a ttaatad  peripheral  nerve  or  within 
naaua  nch  m panpharal  narva  hbara  Tha  raaponaa  aborted  by 
thatmoda  or  microwave  atimu*a*on  mcludee  amueat  taactm  a 
Mood  ptaaaura  and  waacular  ntaponaaa  and  pngna  ol  nautohumotal 
activity  It  waa  damonattatad  that  tha  phyatological  abaci  ol 
microwava  radiation  ia  a raauR  ol  Ibarmal  ahmulabon  ol  panpharal 
narvae  whrch  occura  independently  ol  a wgmhcenl  mcraaaa  tn 
akin  tamparatura  or  ol  total  body  haatmg 

Tt  ODOM 

ANALVtlt  OP  REPORTED  PMVMOiOOIC  IPPtCT*  OP 
MICROWAVt  RAOIATIOM 


• D Mclaat  and  Id  latch  1973  I p Rapt  bom  tng  ADV 
•ret  Mad  Fhya  v 14  1973  p IN  II) 

iucmSMMMTIC  Pit  LOS  AMO  TWO  LIPS  ENVEROK- 

mm 

X Math#.  J Muart  and  H Iwha  ItTI  I p TttnM  mta 
ENGLISH  from  Cmhoeknekian  Pub* 

Tha  primary  puipoaa  ol  thra  taal  ta  to  mefce  known  to 
phyatetena  and  dutranc  an^pnaara  tha  kralimhl#  proRtm 
aocountaiad  m evaluating  tha  poaMMa  aRacta  at  re**  wavaa 
on  Wing  m altar  with  #art<ctdat  amphaata  an  man  and  tha 
protacnon  pi  tha  human  ergemam  agamat  auch  attacta  An 
undaratandmg  ol  bauc  cancopta  ol  mothamotica.  phyaica.  biology . 
and  ctwrmatry  ia  nocoaaaty  Tha  biological  eftecta  el  aracho 
magnetic  wavaa  and  than  mechenrema.  the  uccuttanoa  and  uaa 
ol  etectiomegnetic  anotgy  tha  maatmwm  partmaatMa  haw  mtanaity 
and  tadiation  and  then  tietet mutation  health  and  tachmcN 
ptoMama  invotvad  m working  with  generatora  ot  otaettomagnatw 
wavaa  and  the  organwation  ol  working  condttiona  are  con ar dated 
An  appontba  doaenbaa  a tiandatd  method  ol  dotormmmg  bald 
mtanaity  and  atacliomagnelK  wave  mediation  m the  RP  and 
UHP  itngaa  tor  health  purpoaaa 

TS0B0S1 

TMt  TRt  MRVtC#  PRORRAM  A TRttWTt  TO  RtORRI 
M HMAUP.  »fMt  IMC) 

S M Michaatapn  Tab  till  I p rata  Rapt  bom  IttE  Unul 
Etac  Election  Eng)  Tiant  v MTT  ti  no  I Tab  1*7’ 
p tSt  145 

Ounng  World  War  It  tha  Dapattmant  at  Datenae  medical 
aervtcea  became  uittraaiad  and  concerned  about  poaaiMa  haiarda 
aaaociatad  with  the  development  operation,  and  maintenance 
ot  the  incteeatng  number*  ol  lidara  and  otbn  radw  frequency 
emitting  atoctiunc  aocupmont  Altai  aoma  mvaattgattona  by  tha 
U S Navy  and  tha  U S An  Force  teeponartMhty  lot  tpoaeich  on 
the  Inomodtcel  atpocta  ol  mtcrowavo  radiation  waa  dolagatod  in 
July  1957  aa  a tn  earner  ii  range  men!  to  Roma  An  Payalopmant 
Cental  Gnlhaa  An  Foica  lau  N V Rnrraiy  leaconaitohtv  b»r 
coordmalion  ol  the  progiam  laatod  with  Dt  George  M Knaui. 
USAF  (MCI  Tha  Tn  Service  Program  mchidad  mvoatrgatron  ol 
aRocia  ol  eopoeunr  o' tho  Wholo  body,  aalocted  organa  and  IraauM. 
a ingle  coda,  end  enayrna  tyatama  uamg  vanoua  power  levala 
putaed  end  continuoua  wave  in  the  liarpiuncv  epactrum  bom 
100  Ihiough  14  500  MHi  under  acuta,  aubacuta.  and  chronic 
condttiona.  Tha  mo»i  importcnl  contribution  ol  tha  Tn  Service 
Program  wee  the  validation  ol  the  10  mW/eq  cm  eafety  e'enderd 
Tha  Tn  Sarwca  Progiem  ia  to  data  the  only  large  acale  coordinated 
eth>n  m the  Wet  tern  world  to  elucidate  and  undetttand  aoma 
ol  tha  bevre  mechetweme  ol  mrcrowaua  MoaRacta  and  to  aaaaw 
poaaiMa  health  implicetiona  ol  due  form  ol  energy  THte  paper 
conatitues  an  overview  ol  the  Tn  Sarwca  Program  to  provide 
anme  luatoncal  m eight  into  the  eigniheer.ee  ol  die  program  and 
da  conmbutiona  to  our  undemanding  ol  tha  brotogic  aRacta  ot 
mrcrowavam 

IS- 00031 

HOME Dl CAL  ARPSCT*  OP  MICROWAVt  EXPORURt 

S M Micheetaon  Mty  1971  1 p Rapt  bom  Eng  AM  Ind 

Hyg  A HOC  J v SI.  May  1971  p 339  345 


>9-00033  Aocheeter  Untv  NY 

OlOiORICAL  CPPSCTS  OP  MICROWAVt  EXPOSURE  AN 
OVERVIEW 

S M MrcheeNon  1971  1 p Rapt  bom  J Microwava  Power 
'Canada),  v 5.  no  3.  1971  p 159  197 

An  important  affect  ol  microwava  abaorpnon  ta  found  to  be 
tha  convararon  o I the  abeottoed  energy  into  neat  It  waa  found 
that  the  aapoaute  o I vanoua  ipeciee  ol  am  mala  to  whotabedy 
mstrowava  radiation  at  tavata  ol  100  mW/M  cm  or  more  re 
ciwractented  by  a tamparatura  nee.  a function  ol  the  thermal 
regulatory  proceaaee  and  aetrva  adaptation  ol  tha  amma.  The 
and  raauR  ia  on  Sat  revrraiMe  or  irreveratble.  dapendmg  on  tba 
irradiation  conAtiona  and  the  phyatological  at  ata  of  the  arumri 
Thermal  raaponaaa  m dopt  are  charactanead  by  mrbal  tharmrl 
raaponaa.  a period  of  thermal  equAbnum.  and  a period  ot  thermal 
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bieakdown  In  areas  in  which  relatively  little  blood  circulates 
the  temperature  rises  considerably  (since  there  is  little  meant 
tor  the  interchange  of  heat),  and  tissua  damage  is  more  like!' 
to  occur 

78-00034  Rochester  Umv  . N Y 

HUMAN  EXPOSURE  TO  NONIONIZING  RADIANT  ENERGY. 
POTENTIAL  HAZARDS  AND  SAFETY  STANDARDS 

S M Michaelson  Apr  1972  t p Repr  from  IEEE  Unit  Elec 
Electron  Eng),  v 60,  apt  1972  p 389-421  Sponsored  by 
AEC 

The  pathophysiology  is  discussea  of  exposure  to  ultraviolet, 
infrared  coherent  electromagnetic  (laser),  microwave,  and 
radio  frequency  radiation  diomedical  aspects  of  exposure  are 
considered  along  with  rhc  organs  most  susceptible  to  damage 
and  the  human  tolerance  threshold  for  radiation  Protection 
guidelines  established  for  the  different  types  of  radiation  are 
summarized  along  with  difficulties  in  formulating  then 

78-00036  Rochester  Umv  . N Y 
CU7ANEOUS  PERCEPTION  OF  MICROWAVES 

S M Michaelson  Jun  1972  Ip  Repr  from  J of  Microwave 
Power  (Canada),  v 7.  Jun  1972  p 67  73  Sponsored  by  AEC 
Results  of  studies  indicate  that  when  a 40  sq  cm  area  of 
the  face  is  exposed  to  microwaves,  thermal  sensation  can  be 
elicited  within  1 sec  at  power  densities  of  21  mW/sq  cm  for 
10  000  MHz,  and  58  6 mW/sq  cm  lor  3000  MHz  Within  4 
sec.  the  threshold  is  lowered  by  approximately  50%  Thresholds 
for  pain  reaction  of  the  inner  forearm  were  also  studied  The 
data  indicate  that  microwave  sensHion  may  provide  a protection 
factor  against  exposure  to  microwaves  at  levels  that  could  be 
miunous 

78  00036 

SOVIET  VIEWS  ON  THE  BIOLOGICAL  EFFECTS  T/F 
MICROWAVES:  AN  ANALYSIS 

S M Michaelson  and  C H Dodge  Jul  1971  Ip  Repr 
from  Eng  Health  Phys  v 21.  Jul  1971  p 108  1 1 1 

76  00037 

SOME  TECHNICAL  ASPECTS  OF  MICROWAVE  RADIATION 
HAZARDS 

W W Mumford  1961  Ip  Rep'  from  Proc  IRE.  v 49. 
1961  p 427  447 

The  potential  hazards  of  microwave  power  io  man  is  discussed 
along  with  adopted  safety  measures  Research  work  which  has 
influenced  the  establishment  of  criteria  for  safe  and  potentially 
hazardous  environments  (or  human  beings  is  reviewed  The 
currently  adopted  safety  limits  are  described  and  a recommended 
method  of  calculating  power  densities  is  derived  Commercially 
available  power  density  meters  are  mentioned  and  their  method 
of  operation  is  described  along  with  their  use  in  surveying  a 
site  The  shielding  effect  of  wiie  mesh  fences  is  presented  in  a 
monograph 

78  00038 

RADIO  FREQUENCIES  AND  MICROWAVES.  MAGNETIC 
AND  ELECTRICAL  FIELOS 

Yu  I Novitskiy.  Z V Gordon,  A S Presman.  and  Yu  A Kholodov 
Washington  NASA  1971  Ip 
(NASA  TT-F  1402D 


78  00039 

BIOPHYSICAL  FOUNDATIONS  OF  THE  THERAPEUTIC 
ASPECTS  OF  HIGH  FREQUENCY  ELECTRICAL  FIELOS 

J Paetzold  and  H B Schaeler  1948  1 p Repr  from  Nat 

Sci  Med  in  Germany.  1934  1946,  Vol  22.  Biophys  2. 
Wiesbaden.  1948  p 17-19 

78-00040  Scripta  Technica,  Inc  . Washington,  D C 

INFLUENCE  OF  MICROWAVE  RADIATION  ON  THE 
ORGANISM  OF  MAN  AND  ANIMALS 

I R Petrov,  ed  Feb.  1972  1 p Transl  into  ENGLISH  of  the 
book  " Vhyamye  Svch  Izluchemya  na  Organizm  Cheloveka  i 
Zhivotnykh  ' Leningrad.  Meditsina  Press.  1970 


(Contract  NASw-2038) 

(NASA  TT  F 708) 

The  effect  of  tha  microwave  field  on  the  orgenitm  were 
studied  The  biological  bases  of  tha  action  of  microwavo 
electromagnetic  radiation  on  the  organism  ere  considered  with 
experimental  materiel  on  the  influence  of  high  and  low  microwave 
intensities  on  the  animal  organism,  characterizing  the  functional 
changes  of  the  organism  s basic  systems  end  its  metabolism 
Damage  due  to  microwaves  combined  with  other  factors  and 
changes  in  tha  organism  s immunological  reactivity,  the  properties 
of  b^-uteria.  viruses,  end  simple  animals  were  discussed  The 
influence  of  microwaves  on  the  human  organism  and  data 
acquired  as  a result  of  observations  on  volunteers  as  to  the 
influence  of  low  microwave  intensities  on  the  healthy  human 
organism  are  studied  along  with  the  symptomatology,  stages, 
reversibility  of  changes,  and  a classification  for  the  pethological 
processes  that  arise  under  the  influence  of  microwaves  in  persons 
working  with  microwave  generators. 

78-00041 

PROCEEDINGS  OF  THE  FOURTH  ANNUAL  TRI-SERVICE 
CONFERENCE  ON  THE  BIOLOGICAL  EFFECTS  OF 
MICROWAVE  RADIATION 

M F Peyton,  ed  1961  1 p 

IRADC  TR  60  180) 

The  biological  effects  of  microwave  radiation  on  human 
prthology.  metabolism,  development,  neurology  and  the 
biomedical  aspects  of  microwave  radiation  are  discussed  in  various 
papers  Major  areas  included  are  the  following  the  radioirequency 
environment,  microwave  instrumentation  for  the  measurement 
of  biological  effects,  generation  and  detection  of  pulsed  X rays 
born  microwave  sources:  engineering  aspects  of  microwave 
radiation  hazards,  development  of  a garment  for  protection  of 
personnel,  and  thermal  effects  of  high  frequency  fields 

75  00042 

ELECTROMAGNETIC  FIELDS  AND  LIFE 

A S Presman  Plenum.  New  York  1970  ! p Transl  into 

ENGLISH  rom  the  Russian 

76-00043 

RESULTS  OF  BIOPHYSICAL  RESEARCH  IN  SEPARATE 
PRESENTATIONS.  VOLUME  1:  ULTRASHORT  WAVES 

tERGEBNISSE  DER  BIOPHYSIKALISCHEN  FOASCHUNG  IN 
EINZELDARSTELLUNGEN.  VOLUME  1 : 

ULTRAKURZWELLEN] 

B Raiewsky.  ed  Georg  Thieme.  Leipzig  1938  1 p In 

GERMAN 

76-00044 

SHOR ( WAVE  THERAPY:  THE  MEDICAL  USES  OF 

ELECTRICAL  HIGH  FREQUENCIES 

E Schliephake  Actinic  Press  Ltd  . London  1935  1 p 


76  00046 

RAC'*ATION  BIOLOGY.  MEDICAL  APPLICATIONS  AND 
RADIATION  HAZARDS 

H P Schwan  1968  1 p refs  Repr  from  Microwave  Powei 

Engr , v 2.  1968  p 215  234 

The  biological  effects  of  microwave  radiation  on  human  tissues 
are  reviewed  Medical  applications  in  diathermy  and  diagnostic 
instruments  are  described  Hazards  to  man.  especially  the  eyes, 
of  exposure  to  strong  sources  of  electromagnetic  radiation  are 
discussed 

75-00048 

INTERACTION  OF  MICROWAVE  AND  RADIO  FREQUENCY 
RADIATION  WITH  BIOLOGICAL  SYSTEMS 

H P Schwan  1971  2 p refs  Repr  from  IEEE  (Inst  Elec 

Electron  Eng).  Trans,  v MTT  19.  no  2.  1971  p 146-152 
A survey  of  thermal  and  nonthermal  effects  of  microwave 
and  radio  frequency  radiation  is  presented  with  recommendations 
for  future  work  Equations  are  presented  which  state  dielectric 
constant  and  conductivity  for  tissues  of  high  water  content  as 
functions  of  maciomolecular  content  and  frequency  Nonthermal 
principles  which  explain  many  previous  observations  are  largely 


B-6 


due  to  field-induced  forces  ire  discussed  Such  effect*  occur  in 
the  humen  body  only  At  fietd  etrength  levels  which  are  thar 
rn Ally  dangerous  It  it  concluded  that  ( 1 1 field-force  effects  cannot 
be  enhanced  by  use  of  pulsed  fields;  12)  nerve  membranes  cannot 
be  directly  stimulated  by  microwave  fields,  13)  macromolecular 
resonances  ere  not  excited  in  body  fluids  and  tissues  A guideline 
lot  future  standard  work  in  complex  fields  is  proposed  It  is 
based  on  the  concept  of  a tolerance  current  density 

71-000*7  Pennsylvania  llmv . Philadelphia 

MICROWAVE  RADIATION : BIOPHYSICAL  CONSIDf RA- 
TIONS ANO  STANDARDS  CRITtRIA 

H P Schwan  Jul  1972  1 p flepr  from  IEEE  (Inst  Elec 

Electron  Eng).  Trans  Bio-Mad  Eng.  v BME-19.  Jul  1972  p 
304  312 

(NIM  5 R01  HE  012531 

The  established  physical  principles  relating  to  thnrmal  and 
nonthermal  eftects  ol  microwave  radiation  are  discussed 
together  with  the  effects  ol  continuous  and  pulsed  radiation 
Certain  considerations  indicate  that  present  guidelines  for  safe 
exposure  to  microwaves  are  conservative  There  should  be  no 
neea  to  lower  the  value  of  10  mW/sq  cm  currently  being  used 
for  safe  long  term  exposure  in  distance  fields  of  antennas 
Approaches  for  extending  standards  to  the  case  of  complex  field 
configurations  are  also  discussed  along  with  a guide  number  of 
safe  tissue  current  densities  for  the  total  frequency  range 

7S-0004B 

HAZARDS  DUE  TO  TOTAL  BODY  IRRADIATION  BY 
RADAR 

H P Schwan  and  K Li  Nov  1956  2 p refs  Repr  from 

Proc  IRE.  v 44  Nov  1956  p 1572  1581 

Experimental  work  by  others  at  10  cm  wavelength  has  shown 
that  irreversible  damage  to  the  eye  is  caused  by  electiomagnetic 
radiation,  if  the  energy  flux  ir.  in  excess  of  about  0 2 watt  /sq 
cm  Intolerable  temperature  rise,  due  to  total  body  irradiation 
may  be  anticipated  for  flux  values  in  excess  of  0 02  watts /sq 
cm  Hence  a discussion  of  (lizards  due  to  total  body  irradiation 
is  of  primary  interest  This  paper  presents  dera  which  analyze 
the  mode  of  propagation  of  electromagnetic  radiation  into  the 
human  body  and  resultant  heat  development  Thu  two  quantities 
which  are  considered  m detail  are  (1)  coefficient,  which 
characterizes  the  percentage  of  airborne  electromagnetic  energy 
as  absorbed  by  the  body.  121  distribution  of  heat  sources  in 
skin  subcutaneous  fat.  and  deeper  situated  tissues  Conclusions 
of  practical  value  are  III  Since  sensory  elements  are  located 
primarily  in  the  skin,  low  frequency  radntion  If  less  than  1000  me) 
is  much  more  dangerous  than  high  frequency  radiation  (2) 
Radiation  of  very  high  frequency  (f  greater  than  3000  me)  causes 
only  superficial  heating  with  much  the  same  effects  as  infrared 
and  sunlight  The  sensory  reaction  of  the  skin  should  provide 
adequate  warning 


7S-9004B 

THE  ABSORPTION  OF  ELECTROMAGNETIC  ENERGY  IN 
BODY  TISSUES 

H P Schwan  and  G M Piersol  Dec  1954  1 p Repr  from 
Am  J Phys  Med.  v 33.  Oec  1954  p 371  404 

Effects  on  biological  material  can  be  placed  in  thiee 
categories  (II  thermal.  121  specific  thermal  and  (3)  nonthmmal 
Volume  heatinq  is  discussed  as  the  general  heating  which  any 
type  ol  conductor  or  semiconductor,  such  as  'issue,  may  recaive 
under  the  influence  of  electrical  currents  ot  waves  Specific  thermal 
effects  (structural  heatmgl  exist  when  boundaries  between 
different  types  of  tissues  o'  particles  can  be  selectively  heated 
without  substantial  heating  of  the  surrounding  metenal  Those 
effects  which  cannot  be  explained  on  a thermal  basis  are  classified 
as  nonthermal  Energy  absorption  leads  to  the  development  of 
heat  This  is  defined  as  primary  heat  developed  in  the  irradiated 
body  Primary  heating  produces  temperature  differences  between 
various  tissues  and  even  differences  within  homogeneous  material 
The  biophysicist  and  the  physiologist  work  together  and  study 
actual  heat  distribution  and  associated  phenomenon,  such  as 
blood  flow  The  clinician  records  ihe  final  results  All  three  groups 
cooperate  to  obtain  a complete,  clear  picture  of  the  effects  of 


radiation.  The  actual  tamperature  curve,  also  the  combined  effect* 
of  primary  heat  development  and  heat  flow  are  more  important 
than  the  mechanism  of  absorption  A complete  knowledge  can 
be  ascertained  of  actuel  temperature  distribution!  only  in  animal 
experiments  Extrapolation  of  this  information  to  the  human  body 
is  difficult  because  the  amount  of  heat  which  can  be  absorbed 
by  any  body  depends  on  the  volume  and  aurfsce  of  tha  irradiated 
body  Hare  knowledge  of  the  fundamentals  of  tha  sbtorption 
mechanism  is  most  hatpful.  It  parmitt  a prediction  of  how  much 
radiant  energy  will  be  absorbed  in  the  body;  how  far  It  penetrates; 
and  the  kind  of  tissue  which  will  experience  special  heat 
development 

7B-OOOBO  Bureau  of  Radiological  Health,  Rockville.  Md 

REGULATIONS.  STANDARDS.  ANO  QUIOES  FOR 
MICROWAVES.  ULTRAVIOLET  RADIATION.  ANO 
RADIATION  FROM  LASER*  ARD  TELEVISION  RECEIVER* 
AN  ANNOTATED  BIBLIOGRAPHY 

L R Sower  D R Snavely.  D L Solem,  and  R F.  VanWyt 

Apr  1969  Ip 

lPubl-999-RH-35) 

Tha  bibliography  was  prepared  by  the  Standards  Services 
Branch.  Office  of  Criteria  and  Standards,  in  cooperation  with 
lha  Electronics  Products  Radiation  Laboiatory  (now  tha  Division 
of  Electronic  Products).  Bureau  of  Radiological  Health.  Copies 
are  available  for  distribution  to  organizations  and  individuals  who 
need  this  information  The  protect  is  a part  of  the  Bureau  of 
Radiological  Healths  program  to  assist  organizations  and 
individuals  who  are  responsible  foi  protecting  the  public  against 
the  harmful  effects  ol  excessive  radiation  Tha  1967  Congressional 
Hearings  on  the  control  of  radiation  from  elactronic  products 
have  made  clear  the  need  to  organize  the  information  on  existing 
regulations,  standards,  and  guides  developed  by  Federal,  state, 
and  municipal  governments.  military  organizations  and 
nongovernmental  organizations  This  annotated  bibliography  was 
prepared  in  a form  which  aids  in  >he  comparison  of  existing  or 
proposed  regulations,  standards,  and  guides  for  further  evaluation 
with  respect  to  adequacy  ol  health  protection  and  control,  with 
consideration  given  to  the  economic  and  technologic  factors 

76-OOOS1 

HEARING  SENSATIONS  IN  ELECTRIC  FIELDS 

H C Sommer  and  H E vonGierk.e  1964  1 p refs  Repr 

from  Aerospace  Med  . v 35.  1964  p 834  839 

clectrophomc  hearing,  stimulated  by  an  audio  frequency 
current  passed  through  different  types  of  electrode  systems 
attached  to  venous  areas  of  the  head  and  body,  was  previously 
investigated  More  recently,  human  auditory  system  response  to 
modulated  electromagnetic  energy  was  reported  The  experiments 
to  be  discussed  in  this  paper  were  designed  to  study  the  hearing 
phenomena  in  electrostatic  fields  when  the  whole  head  or  parts 
of  its  sudace  are  exposed  to  an  alternating  electrostatic  held  of 
audio- frequency  with  and  without  a superimposed  DC  held  The 
threshol-  data  obtained  suggest  there  is  no  other  auditory 
stimulation  excopting  mechanical  tissue  excitation  by  the 
electrostatic  forces  connected  with  such  fields  Calculated 
threshold  data  for  stimulation  by  amplitude  modulated  RF  fie'ds. 
assuming  the  same  electromechanical  excitation  of  normal  bone 
and  air  conduction  hearing,  are  presented  and  compared  to  the 
hearing  phenomena  in  such  fields  reported  by  others 
Electromechanical  field  forces  must  be  considered  as  primary 
causes  for  the  hearing  sensations  observed  with  various  tvpes 
ol  electrophonic  stimulations  Theoretical  considerations  and 
existing  experimental  data  make  it  most  likely  that  these  forces 
account  for  all  repoits  whore  the  hearing  of  pure  or  distorted 
tones  (rather  than  indiscriminate  noise)  was  involved  There  is 
no  evidence  of  any  direct  perception  of  electrical  audio  signals 
which  would  not  go  via  electromechamcally  induced  vibrations 
in  tissue  and  normal  reception  in  the  cochlea  Electrostatic 
excitation  of  vibrations  in  tissue  appears  as  a useful  new  research 
tool  for  specialized  psyehophysiological  experimentation  on  the 
auditory  or  vrbrotectile  system 

7B-OOOB2 

PATHOLOGICAL  EFFECTR  OF  RADIO  WAVES 

M S Tolgskaia  and  Z.  V Gordon  1973  1 p Transl  into 
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ENGLISH  of  the  book  "Moifotitiologichatkie  Itmenenna  pn 
Oeittvii  Elektromagnitnykh  Voln  Radiochat  tot  " Moscow. 
Itdatalttvo  Madittma  Fress.  197 1 143  p 

Morphological  and  phytiological  tludiat  ol  tha  irreversible 
effects  ot  radio  wav  a*  on  a total  ot  949  labbrtt.  rats  and  mica, 
covanng  chronic  and  acuta  aapoaurat  at  600  kHt  to  1 6 MHt. 
14  99  99  7.  166  and  191  MHt.  lasting  from  tavaral  minutas 
to  16  months  wars  conductad  Tha  functional  and  morphological 
changaa  producad  by  aapoturas  ot  various  langths  and  intan sitias 
in  tha  cariavasculsr  and  nanrous  tystams,  myocardium, 
laproductiva  organs,  biochemistry.  blood,  aya.  straight,  carabrum. 
cortex,  spinal  cord,  skin  and  naurons  ara  disc  us  tad  Eipoaurai 
in  tha  cantimatar  wavelength  ranga  tandad  to  affact  tha  nanrous 
fibars  of  tha  akin,  mtarna!  organs  and  cortical  naurons  while 
aapoturas  in  tha  dacimattr  range  showed  no  affact  on  tha  nanrous 
activity  ot  tha  akin  Tha  monograph  it  intandad  for  sciantiata 
mtareitad  in  tha  subtact 

79-09099 

9I0109IC  EFFECT*  OF  NOMOMZ1MO  RADIATION 

P E Tylar.  ad.  29  Fab  1975  1 p Rapr  from  Ann  N.  Y 

AcaJ.  Sci.  v 247.  2*  Fab  1975 

79-00004 

QUANTIFYING  HAZARDOUS  ELECTROMASNETIC  FIELDS: 
9CIENT1FIC  OASIS  AND  PRACTICAL  CONSIDERATIONS 

P F Wackar  and  R R Bowman  1971  Ip  raft  Rapr  from 
IEEE  (Inst  Elec  Electron  Eng  l.  Trans  , v MTT-19.  no  2.  1971 
p 179  197 

Tha  complications  and  problams  of  quantifying  haiardout 
EM  fialds  involving  sourca  sub|trct  coupling,  raactiva  nesr  field 
components,  multipath  components,  and  arbitrary  polanaation 
ara  examined  General  discussion  of  dosimetric  measurements 
and  l-aiard  survey  measurements  is  given,  and  also  tome  basic 
cons  derations  for  the  design  of  field  probes  for  these 
measurements  Recommendations  ara  given  for  suitable 
parameters  for  quantifying  complicated  EM  fields,  and  essential 
and  desirable  characteristics  for  haiaid  survey  maters  are 
Slated  Several  recently  designed  haiard  survey  probes  are  capable 
of  measuring  these  recommended  parameters  m many  complicated 
fields  of  interest,  and  improved  instruments  are  anticipated 

7S-0GSSS 

BIOLOGIC  EFFECTS  STUDIES  ON  MICROWAVE 
RADIATION  TIME  ANO  POWER  THRESHOLDS  FOR 
PRODUCTION  OF  LENS  OPACITIES  SV  12  3 cm 
MICROWAVES 

D B Williams.  J P Monahan.  W J Nicholson,  and  J J Aldrich 
1955  2 p refs  Rapr  from  Amar  Mad  Ass  Arch  Oph'halmo . 
v 54.  1955  p 863  974 

Opacities  can  be  producad  in  tha  eyes  of  anasthetiied 
rabbits  by  single  exposures  to  12  3 cm  miciowaves  Time  and 
power  requirements  for  experimental  opacity  formation  ranges 
between  5 minutes,  at  0 59  watt/sq  cm  . and  90  minutes,  at 
0 29  watt /sq  cm  The  power  densities  of  this  threshold  correspond 
to  a thermal  flux  of  8 4 to  4 1 cal/sq  cm /min  The  trend  of 
the  threshold  beyond  90  minutes  is  bracketed  between  0 22 
and  0 12  watt/sq  cm  for  4 5 hours  of  sustained  irradiation 
The  failure  of  the  protracted  period  of  exposure  at  0 12  watt/sq 
cm  to  causa  any  discernible  effect  suggests  the  proximity  of  a 
power  density  below  which  opacity  production  by  this  method 
is  not  practical  As  nearly  at  can  be  determined  by 
ophthalmoscopic  examination,  all  opacities  arc  formed  ir-  the 
posterior  lens  segment  and  in  some  respects  resemble  tenons 
produced  by  certain  lonning  irradiations  The  quantity  of  1 2 3 cm 
radiation  reflected  and  transmitted  by  the  eye  is  unknown,  but 
sufficient  energy  is  absorbed  to  produce  temperatures  of  49  to 
53  C at  the  site  of  the  lens  which  later  becomes  cataractous 
A latent  period  ot  1 to  14  deys  elapses  before  the  onset  of 
discernible  opacities  The  lesions,  in  order  of  increasing  severity, 
are  classified  according  to  appearance  as  minimal,  circumscribed, 
and  diffuse  Minimal  lesions  may  not  be  detrimental  to  sight, 
but  the  last  two  types  interfere  with  vision  Other  ocular  effects 
are  observed  but.  for  the  most  part,  appear  less  significant  than 
lens  miury  Secondary  effects  are  not  consistently  related  to  the 
development  of  lent  damage  except  in  some  cases  of  the  diffuse 


lesion  where  severe  and  petvthng  periorbital  edema  appears  to 
be  t precursor  ot  cataract  formation 
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IMICT  OP  MICROWAVES  OM  VH*  M ACTIONS  Of  TNI 
WHITE  BLOOO  CELLS  8Y6TEM 

S Barantki  1972  1 p Rtpi  from  Acta  Physiologic*  Polomca 
v 23  1972  p 815  696 
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CfPICT  Of  CHRONIC  MICROWAVE  IRRADIATION  ON  THI 
BLOOD  FORMING  STCTIM  OP  QUINCA  PlOt  ANO 

RABBITS 

S Baranski  1971  Ip  Roor  fiom  Aerospace  Med  v 42 
1971  pi  196  1 199 

One  hundred  guinea  pigs  and  100  rabbits  were  irradiated 
m an  anechoic  room  with  continuous  or  pulsed  microwaves  in 
the  10  cm  wave  band  at  3 5 mW/cm  power  density  tor  3 months 
3 his  daily  Peripheral  blood  bone  ma"ow  lymph  nodes  and 
spleen  were  examined  Increases  in  absolute  lymphocyte  counts 
in  peripheral  blood  abnormalities  m nuclear  structure  and  mitosis 
in  the  erythioblastic  cell  series  in  the  bone  marrow  and  in 
lymphoid  cel's  in  lymph  nodes  and  spleen  were  observed  These 
changes  ate  a cumulative  result  ot  repeated  irradiations  The 
undeilying  mechanism  seems  difficult  to  explain  in  terms  of 
thermal  effects  Ext'athermal  rumples  interactions  seem  to  be 
more  piobable 

76  00068 

ELSCTROENCEPHALOGRAPHICAL  ANO 

MORPHOLOGICAL  INVESTIGATION  UPON  THE 
INPLUENCE  OF  MICROWAVES  ON  THE  CENTRAL 
NERVOUS  SYSTEM 

5 Baranski  and  Z Edelwesn  1967  1 p Repr  Irorn  Acta 

Ph  isiol  Pol  (Polandl  no  18  1967  p 517  532 

76  0C068 

MICROWAVE  EFFECTS  ON  MITOSIS  IN  VIVO  ANO  ANO 
IN  VITRO 

S Pjranski  P C/erski  and  S Samigielski  1969  1 p Repr 

horn  Genetic*  Polonies,  v 10  1969  p 3 4 
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INVESTIGATIONS  OF  THE  BEHAVIOR  OF  CORPUSCULAR 
BLOOD  CONSTITUENTS  IN  PERSONS  EXPOSED  TO 
MICROWAVES 

S Baranski  and  P C/erski  1966  1 p Repr  from  lek  Woisk 
v 42  1966  p 903  909 

76  00081  California  Uruv  Los  Angeles 

EFFECTS  OF  MODULATED  VERY  HIGH  FREQUENCY 
FIELDS  ON  SPECIFIC  BRAIN  RHYTHMS  IN  CATS 

S M Bawin  R J Gavalas  Medici  and  W R Adey  1973 
1 p Repr  from  Brain  Res  (Amsterdam!  v 58  no  2.  1973 
p 365  384 

The  effects  of  exposures  to  low  intensity  less  than 

I mW  'sq  cmi.  very  high  frequency  (VHFl  (147MH/I  electrical 
fields,  amplitude  modulated  | AM  | at  biological  frequencies 

II  25  Hal.  were  studied  on  untrained  and  conditioned  chronical! 
implanted  cats  The  fields  were  Fp.ilied  between  2 Al  plates 
(identical  voltages  180  deg  phase  shift!  firmly  anchored  to  the 
Hoot  ot  an  isolation  booth  especially  designed  for  use  of  VHF 
holds  The  animals  were  restrained  in  a hammock  the  longitudinal 
ams  of  the  body  kepi  parallel  to  the  field  plates  EEG  and  EOG 
| electro  oculograms  | were  recorded  through  a system  of  low 
pass  filters  on  a Model  6 Grass  EEG  and  an  Amp  * FR  1100 
•ape  recorder,  behavior  was  continuously  observed  through  a 
closed  circuit  TV  A series  of  animals  was  operantly  trained  to 


produce  specific  transient  brain  rhythms  following  periodic  (every 
30  s)  presentations  of  a light  Bash  stimulus  The  levels  of 
performance  were  established  (vtsual  and  spectral  analysts) 
during  conditioning  and  extinction  schedules  lor  a series  ot  cats 
submitted  to  VHF  fields  AM  at  the  dominant  frequencies  of  the 
selected  transient  patterns  and  lor  a control  group,  in  the  absence 
of  fields  The  irradietod  animals  differed  markedly  from  the  control 
group  in  the  rate  of  performance,  accuracy  (in  terms  of  frequency 
bandwidth)  of  the  reinforced  patterns  and  resistance  to  extinction 
(minimum  ot  SO  days  vs  10  days)  The  specificity  of  thv  frequency 
ot  the  modulation  was  tested  on  another  group  of  untrained 
animals  where  spontaneous  transient  patterns  ware  used  to  trigger 
for  shod  epochs  (20  s following  every  burstl  the  VHF  fields 
AM  at  various  frequencies  The  fields  were  acting  as  remfoxers 
(increasing  the  rate  of  occurrence  of  the  spontaneous  rhythms) 
only  when  modulated  at  frequencies  close  to  the  biologically 
dominant  frequency  of  the  selected  intrinsic  EEG  rhythmic 
episodes  Interaction  routes  between  external  fields  and  CNS 
are  discussed  Perhaps  AM  VHF  fields  influence  heuronal 
membrane  excitability 

76  00083 

THE  EFFECT  OF  10-CENTIMETER  AND  ULTRA8H0RT 
WAVES  ON  THE  REPRODUCTIVE  FUNCTION  OF  FEMALE 
MICE 

A N Beretnitskaya  1968  1 p Repr  from  Gtg  T>  i Prof 

Zabolev  USSFu  no  9 1968  p 33  37 

C .-  irradiation  of  female  mice  with  10  cm  waves  of 
10  m gvn  intensity  was  found  to  bring  about  certain  changes 
in  tne  course  of  estrus  cycle  finding  their  expression  in  an  increased 
duration  of  normal  cycle  at  the  expense  of  prolonged  diestrus 
and  metaeslrus  stages  A partial  sterility  of  irradiated  females 
was  observed  The  progeny  of  female  mice  irradiated  prior  to 
conception  and  especially  before  and  during  gestation  proved 
to  be  defective  with  instances  of  stillbirth  and  a considerable 
proportion  of  postnatal  lethality  The  offsprings  of  irradiated 
lemales  showed  retarded  weight  and  body  sue  gain  as  against 
controls  and  developed  at  a slower  rate 

76-00083  HT  Research  Inst . Chicago  III 

SUSCEPTIBILITY  OF  CARDIAC  PACEMAKER8  TO  ELF 
MAGNETIC  FIELDS  (METHOD  ANO  CRITERION  FOR 
EVALUATING  ELF  MAGNETIC  FIELD  INTERFERENCE 
EFFECTS  ON  CARDIAC  PACEMAKER  FUNCTION) 

J E Bridges.  E E Brueschka.  M P Kaye.  D A Miller,  and  C 
D Port  Apr  1971  1 p 

(Contract  N00039  71  C 01 1 1) 

(AD  737237  IITRI  E6185  1) 

In  the  report  it  was  concluded  that  the  extremely  low  fequency 
IELF)  magnetic  field  levels  which  interfere  with  the  operation  or 
cardiac  pacemakers  are  much  greater  than  those  expected  from 
a conceptual  defense  SANGUINE  communication  system  This 
conclusion  was  based  on  an  experimental  program  in  which  the 
effect  of  extremely  low  frequency  (10  100  Hi)  magnetic  fields 
on  cardiac  pacemakers  was  studied  Objectives  of  the  program 
were  to  determine  a safe  level  (threshold)  for  a magnetic  field 
in  this  frequency  range  and  to  establish  a method  and  criterion 
for  nvsluating  the  interference  effects  Examples  of  electromagnetic 
fields  affecting  implanted  heart  pacemakers  are  presented 

76-00084 

BIOLOGICAL  EFFECTS  OF  MICROWAVE  AND  RADIO 
FREQUENCY  RADIATION 

S F Cleary  Jun  1970  1 p refs  Repr  from  Critical  Rev 

Environ  Control,  v 1.  Jun  1970  p 257-306 

A comprehensive  up  to-date  survey  of  all  aspects  of  the 
interaction  of  microwaves  and  r f with  biological  systems  is 
presented  Mechanisms  of  inte-i  _,ions  are  given,  together  with 


detailed  reviews  ot  (pacific  effect  such  at  thermal  lenticular 
testicular  end  genetic  damage  A (action  it  devoted  to  the 
measurement*  of  power  levels  anc.  to  standard  for  human 

eaposuie 
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CONSIDERATIONS  ON  THt  EVALUATION  OP  THt 
BIOLOGICAL  IPPICTS  OP  CAPO  SUM  TO  MICROWAVE 
RADIATION 

S F Cleary  Feb  UFO  Ip  refs  Ftepr  from  Am  Ind  Myg 
Assoc  J v 31  no  I Jan  Feb  1970  p 52  59 

A review  is  given  of  the  thermal  (less  than  10  m\A/*q  cm! 
and  non  thermal  effects  of  microwave  and  ulttahigh  frequency 
radiation  enposure  on  organisms  organs  cells  bacte.ia  and 
biological  molecules  A discussion  ol  permissible  esposure  limits 
based  on  existing  experience  and  of  the  relevant  difficulties  is 
presented 
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UNCERTAINTIES  IN  THt  (VALUATION  OP  THt 

■IOLOQICAL  IPPtCTt  OP  MICROWAVt  ANO 
RAOIOPRt QUINCY  RADIATION 

S F Cleary  Oct  1973  1 p Rapt  from  Hurnh  Phys . v 25 

Oct  1973  p 387  404 

1%. 00097 

ANALYSIS  OP  OCCUPATIONAL  tXPOSURt  TO 

MICROWAVt  RADIATION 

P C/eiski  and  M Siekieuynski  Plenum  NY  1975  Ip 
Presented  in  Fundamental  and  Applied  Aspects  of  Nomonuing 
Radiations  Proceedings  of  the  7th  Rochester  Intern  Conf  on 
Environ  Tosicity  R :hestet  N Y 5 7 Jun  1974 

7B-00QS8 

MtALTH  SURVtILLANCt  OP  PtRSONNtL 
OCCUPATIONALLY  EXPOSED  TO  MICROWAVtS.  1 
THt OPttTICAf.  CONSIDERATIONS  ANO  PRACTICAL 
ASPECTS 

P 'jeiski  M Siekierzynskt  and  A Gidynski  1974  1 p Rapt 

■tom  Aerospace  Med  v 45  no  10  1974  p 1137  1142 

Principles  of  health  surveillance  of  microwave  workers  are 
presented  An  analysis  of  the  incidence  ot  disorders  considered 
contraindications  for  occupational  microwave  exposure  among 
841  males  aged  20  to  45  years  and  eiposed  occupationally  to 
microwaves  tor  various  potiods  was  made  The  analyzed  population 
was  subdivided  mto  two  groups  differing  only  in  respect  to 
microwave  esposure  low  le  below  0 2 mW.sq  cm  and  high 
i a between  0 2 mW  sq  cm  and  6 tnW  'sq  cm  No  dependence 
of  the  ncidence  if  disorders  considered  contraindications  for 
occupational  miciowave  exposure  on  the  exposure  level  or  duration 
ot  occupational  exposure  could  be  demonstrated  The  authors 
feel  that  similar  studies  carried  out  on  groups  exposed  at  other 
power  density  levels  are  needed 

78  00089 

A CLINICAL  8TUDY  OF  THE  RESULTS  OF  EXPOSURE  OF 
IAR0RAT0RY  PERSONNEL  TO  RADAR  AND  HIGH 
FREQUENCY  RAOIO 

l E Daily  1943  1 p Ropr  Irom  US  Navy  Med  Bull  v 41 

1943  p 1052  1065 

A group  ol  45  men  with  exposure  to  radar  and  high  frequency 
radio  varying  horn  2 months  to  9 years  were  obseived  lor 
1 2 months  Periodic  physical  and  blood  examinations  of  these 
individuals  were  wdhtn  the  nutmal  range  The  'epruduefive 
tissues  dirt  not  seem  to  have  suffered  clinically  any  demonstrable 
damage  as  iudged  by  the  number  of  conceptions  and  normal 
pregnancies  during  the  rime  of  exposure  ot  the  lathers  to  radar 
No  abnormal  or  premature  alopecias  that  could  be  connected 
with  exposure  to  radar  weie  found  There  have  been  no  unusual 
dermatological  manifestations  It  was  concluded  that  During  the 
preliminary  and  present  work  on  radar  and  high  frequency  radio 
try  personnel  who  are  constantly  exposed  to  the  equipment  and 
its  emanations  both  in  a shielded  and  an  unshielded  condition, 
there  has  been  no  clinical  evidence  ot  damage  to  these  personnel 
It  is  thought  advisable  that  directives  as  to  shielding  of  equipment 
and  periodic  met"  * checkup  ot  personnel  Ire  continued  to  prevent 


a tnthat  remote  possibility  of  an  occusronal  inpiry  due  to 
ovetenpoeute  of  personnel  It  is  to  be  noted  that  The  radio  frequency 
energy  of  tedet  im  not  different  from  that  al  other  high  frequency 
radio  ot  diathermy  units  of  an  equivalent  average  power 
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■VALUATION  09  THYROID  FUNCTION  IN  PINSONS 
OCCUPATIONALLY  EXPOSED  TO  MICROWAVE 
RADIATION 

R Demsiewici.  R Otiuk.  end  M Srekietzynski  1970  1 p Rapt 
from  Polskie  Acchiwum  Medycyny  Wewnetrmei  (Potandl.  no  4S. 
1970  p 19 

78-0097! 

ACTION  07  ULTRA  HIOH  FREQUENCY  RADIATION 
(WAVELENGTH  I!  am)  ON  TEMPERATURE  07  SMALL 
LABORATORY  ANIMALS 

l DeSegum  end  G Castelain  1947  1 p Rapt  Irom  Compt 

Rend  Acad  So  (Pans!  y.  224  1947  p 1882 

78-SOOTS 

AUTONOMIC  ANO  CARDIOVASCULAR  MSOOOSRS 
DURING  CHRONIC  tXPOSURt  TO  SUPSR  HNH 
FREQUENCY  ELECTROMAONSTIC  FIELDS 

E A Drogichme.  N M Konchalovskaya  K V Glotova.  M N 
Sedchikova  and  G V Snegova  1 986  1 p Repr  from  Gig 

Tr  i Prof  2abotev  (USSR)  v 10  1988  p 13  17 

78-00073 

EXPERIMENTAL  RCSEARCH  ON  THI  SIOLOOICAL 
EFFECTS  07  13-CSNT1MSTSR  LOW-INTENSITY  WAVtS 

Yu  D Dumansky.  A M Serdyuk  L I Litvinova.  L A 
Tomashevskaye  and  V M Popovich  1972  1 p Rapt  (tom 

Health  in  inhabited  localities,  edition  2 (Kiev).  1972  p 29-31 

78-08074 

CHANGES  IN  THYROID  7UHCTION  WITH  CHRONIC 
EXPOSURE  TO  MICROWAVt  RADIATION 

N A Dyachenko  1970  1 p Repr  Irom  Gig  Tr  Prof  Zatol 

(USSR!  no  14  1970  p 51  52 

A thyroid  study  using  L 131  was  performed  in  humans 
systematically  eiposed  to  microwaves  in  the  1 cm  range  Duration 
of  exposure  was  3 5 hours  per  week  The  amount  of  absorbed 
L 131  was  determined  2.  4.  end  24  hours  after  ingemtion  using 
gamma  ray  intensity  measurement  near  tha  isthmus:  basal 
metabolism  was  also  determined  Numerical  studies  show  that 
microwave  radiation  impairs  the  correlations  of  nervous 
processes  and  drenceph.ilic  regulation  in  organs  and  tissues 

7S-C007S 

IMPACT  OF  SHF  ELECTROMAGNETIC  RADIATION  ON  THt 
FUNCTIONAL  STATE  OF  THE  MYOCARDIUM 

N A Dyachenko  1970  1 p Repr  from  Voen  Med  Zhurn 

(USSR),  no  2.  1970  p 35  37 

78  00078 

FIELD  MEASUREMENT  OF  ULTRAVIOLET.  INFRARED.  AND 
MICROWAVE  ENERGIES 

J H Fanney.  Jr  and  C H Powell  Aug  1967  1 p refs 
Repr  from  Am  Ino  Hyg  Assoc  J . v 28.  no  4.  Jul  Aug 
1967  p 135  342 

The  industrial  hygienist  has  for  some  time  been  aware  of 
the  possible  hazards  which  exist  from  the  energies  in  the 
non  ionizing  portion  of  the  electromagnetic  spectrum  Potential 
souices  of  these  radiations  and  instrumentation  available  for  field 
measurement  are  reviewed  The  instruments  by  categorical  types, 
then  advantages  disadvantages  and  specificity  for  various  portions 
of  the  spectrum,  as  well  as  the  interpretation  of  their  responses 
are  discussed  ' he  article  contains  recommendations  for 
avoiding  gross  errors  in  field  surveys 

78  00077 

OCCUPATIONAL  HYGIENE  PROBLEMS  IN  WORKING  WITK 
ULTRASHORT  WAVE  TRANSMITTERS  USED  IN  TV  ANO 
RADIO  BROADCASTING 

N N Goncharova.  V 8 Karamyshev  and  N V Maksimenko 


BIO 


1M6  I p Repi  from  Gig  ft  i Prof  Zabolev  (USSR)  v 1C 
IMS  p 10  13 

The  tin  of  the  itMt'c!)  wan  to  study  I fra  haattfr  aspects  of 
tha  woiktnq  conditions  of  personnel  employed  in  tha  vicinity  of 
ulftaifrott  wave  television  transmittal*  and  to  determine  the 
afreet*  of  tha  electromagnetic  fields  within  these  wevefengths 
Tha  studies  were  conducted  at  ntdto  and  television  stations  whose 
banc  equipment  constated  of  2 S kw  tranamdtaia  opeitting  at 
67  230  Me  The  10  transmit!#'*  studied  each  constated  of  a 
metal  cabinet  housing,  enclosing  pouter  lubes  condenser* 
oscillates  postal  line  and  switching  components  and 
control  and  measuring  componen'- 

76  0007S  Academy  of  Sciences  iUSSRi  Moscow 
OCCUPATIONAL  HtALTM  ASPECTS  O * 

RADIO  FMOUENCV  IUCTROMA0NET1C  RADIATION 

l V Gordon  1970  Ip  flepr  from  trgonomics  and  Rhys 
Environ  factors  Occupational  Safety  and  Health  Stir  21 
(GENEVA!  1970  p 159  174 

The  biological  fleet*  of  electromagnetic  radiation  depends 
on  then  frequency  oand  lot  wavelength)  intensity  and  exposure 
time  The  typical  itfect  for  biological  action  of  radio  frequency 
radiation  is  pres*  ited  by  a thaimal  effect  which  can  produce 
fever  or  a local  ncrease  of  temperature  m some  organs  and 
tissues  derermin  d by  dielectric  loss  factor  The  dielectric  loss 
of  energy  in  tiss  les  increases  as  the  frequency  is  increased  arid 
it  leads  to  a m ne  effective  transformation  of  electromagnetic 
field  energy  to  thermal  energy  The  fheimal  effects  of  radio 
frequency  radiation  depends  on  its  intensity  and  wave  length 
Ihe  ctmical  picture  of  thermal  effects  is  accompanied  by  typical 
nio'phologica<'  alternations  characteristic  for  hyperthnnnal  A 
thermal  effect  of  sufficient  deviation  involves  modifications  of  a 
degenerative  type  in  the  colls  of  paienchymalose  organs  and 
myocaide  dystrophic  processes  in  the  synapses  and  |h«  cells  of 
different  sectors  of  central  nervous  system  and  autonomic 
nervous  system  Irradiation  wdh  smaller  doses  without  metease 
of  liody  temperature  is  not  however  indifferent  toi  the  organism 
The  central  nervous  system  is  the  most  inhibited  The  organism 
reaction  ol  radio  frequency  radiation  consists  ot  two  phases 
stimulative  and  inhibitive  Repeated  irradiations  of  low  intensity 
piovuVe  a permanent  functional  alteration  as  a result  of  cumulative 
biological  effects  This  should  be  considered  in  establishing 
regulations  toi  radiation  eipusure  Exposure  to  radio  frequency 
radiation  may  result  in  tunctional  troubles  ot  the  nervous  and 
the  cardiovascular  systems  shown  by  hypothonia  bradycardia 
modification  in  cardiac  conductivity  etc  and  alterations  of 
endocnnal  uumorat  processes  In  general  workers  exposed  to 
radiu  frequency  radiation  of  different  frequencies  show  a common 
basic  alteration  of  the  cential  nervous  and  cardiovascular  system 
where  only  the  degree  of  these  alterations  vaiy  In  persons  exposed 
to  the  an*  nf  microwaves  lultrctngh  frequencies!,  the  alterations 
are  more  pronounced  furthermore  mitral  morphological  alterations 
of  uye  lens  can  be  observed  The  alterations  in  persons  working 
with  sources  of  high  frequency  occur  much  more  rarely  and  are 
less  pronounced  The  stimulation  of  biological  achcify  is  duec'ly 
propo'tional  to  the  shortening  of  wavelength  This  phenomenon 
is  determined  by  biophysical  processes  and  the  absorption 
mechanism  ot  energy  ot  different  wavelengths  by-  organic 
heterogenic  tissues  The  experimental  data  obtained  in  the  Institute 
of  Occupational  Hygiene  and  Disease  of  Academy  of  Medical 
Sciences  provide  evidence  on  the  above  effects 

76-00076 

THE  PROBLEM  07  THE  BIOLOGICAL  ACTION  OF  UH7 

l \r  Gordon  1960  1 p Repr  from  Trudy  Nu  Gigyena  Truda 

i Prof/abol  v 1.  I960  p S 7 

76  00000 

SOME  DATA  ON  THE  EFFECT  OF  CENTIMETER  WAVE* 
(EXPERIMENTAL  STUDIES) 

l V Gordon.  Ye  A Lobanova  and  M S Tolgskaya  1955 

1 p Repr  from  Gig  Sara!  (USSR),  no  12.  1955  p 16  18 
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THE  EFFECT  Of  CENTIMETER  RADIO  WAVER  ON  MOUSE 
FERTILITY 


S F Gorodetskaya  1 663  1 p Ttansl  into  ENGLISH  from 

F tarot  7h  SSSR  I Moscow  I y 6.  IMS  P 364  366 
IJPRS  212001 

Studies  ol  the  development  ot  the  offspring  and  hittotogurei 
changes  in  ***  organs  ol  irradiate  ' female  white  mice  (irradiated 
with  radio  waves  ol  3 cm.  at  a frequency  ol  677  c/s.  an  average 
power  ol  34  6 kw  lor  6 mmutesl  mated  with  untrrediated  mate 
mice  indicated  the  loltowmg  ( 1 1 overall  irradiation  with  centimetar 
waves  has  a strong  affect  on  the  sex  glands  ol  female  mica. 
12)  thtto  is  a sharp  drop  in  Ihe  femhty  of  irradiated  mica,  a* 
evidenced  by  the  reduced  litter  arm  and  a higher  stiNbtrth  rate, 
and  13)  change*  ware  noted  in  tha  morphology  and  functioning 
ot  tha  sas  organs  ol  mice  upon  irradiation  with  centimeter 
waves 

76  00063 

I LE CTROMA 6 NE TIC  FIELDS  AMO  RELATIVE  HEATIR0 
PATTERNS  DUS  TO  A RECTANGULAR  APERTURE  SOURCE 
IN  DIRECT  CONTACT  WITH  BILAVERED  BIOLOGICAL 
TtSGUF 

A A Guy  Feb  1671  1 p ref*  Repr  from  IEEE  Tran*. 

V MTT  19  no  2 Fab  1971  p 214  223 

Expression*  were  derived  and  evaluated  lor  tha 
electromagnetic  held*  and  associated  relative  heating  patterns 
m two  layeied  biological  tissue  media  exposed  to  a 
lined  contact  rectangular  aperture  source  The  source  consisted 
of  a linearly  polarized  electric  held  distribution  specified  in  the 
plane  ol  the  aperture  The  results  may  be  used  for  many  biomedical 
applications  ranging  from  the  design  of  diathermy  to  the 
establishment  of  standardized  electromagnetic  held  intensities  et 
connection  with  reseaich  on  electiomagnetic  effects  in  living 
biological  media 

76-00663 

A NOTE  ON  EMP  SAFETY  HAZARDS 

A W Guy  1974  1 p Repi  from  IEEE  Tians  Biomed  Eng 

1974 


76  00064 

MICROWAVE  INDUCED  ACOUSTIC  EFFECTS  IN 
MAMMALIAN  AUDITORY  SYSTEMS  AND  PHYSICAL 
MATERIALS 

A W Guy.  C K Chou  J C Lin.  and  D Christensen  Feb 
1974  I p Presented  at  New  York  Arad  ol  Sci  Conf  on  Biol 
Effects  ot  Nonionizing  Radiation.  Feb  1974  Submitted  foi 
publication 

76-OOQSS 

THERAPEUTIC  APPLICATIONS  OF  ELECTROMAGNETIC 
POWER 

A W Guy  J F Lahmann.  and  J B Stonebndga  Jan  1974 
1 p Repr  from  Proc  IEEE  v 62.  no  1.  Jan  1974  p 55  75 


76-000M 

ELE  CTROPHVSIOLOGICAx.  EFFECTS  OF 

ELECTROMAGNETIC  FIELDS  ON  ANIMALS 

A W Guy.  J C Lm.  and  C K Chou  Jun  1974  1 p Prasented 
at  Rochester  Environ  Toxicity  Conf.  Rochestai.  N Y.  Jun 
1974 

76-00067  Medical  Biological  lab  RVO  TNO.  Tha  Hague 
I Netherlands) 

BIOLOGICAL  EFFECTS  OF  MICROWAVE  RADIATION. 
PART  I 

H Hearing  and  P M M Vanosch  Nov  1971  Ip 
IMBL  1971  7 Pi  1) 

The  only  biological  effects  ot  micirwave  radiation  that  untn 
now  could  be  proved  experimentally  with  cartainty  ware  purely 
thermal  in  nature  tha  heating  and  some"'"'’*  subsequent 
damaging  of  biological  material  dua  to  absorption  of  hign  u.;rnsity 
microwaves  Although  not  completely  explained  by  theory,  tha 
mechanism  of  thermal  afreets  ot  microwave  exposure  appears 
to  ba  reasonably  well  understood  In  practict  the  effects  due  to 
overheating  can  ! > piavtnted  rather  easily. 
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MiAraMi  lenticular  WAami  occurring  in  a 

TtCNNtCtAN  OPERATING  A EMCROWAVt  MN8AAT0A 

f 0 Husch  and  j T Parin'  1W2  1 p Rapt  from  Arch 

Ind  Hyp  Occup  Med  v 6 1M2  p *12*17 

A caaa  iludy  of  tha  d emege  dona  to  the  eye*  of  an  adult 
mat*  upon  esposute  to  mtcroweve  ladiation  .t  reviewed  Since 
microwave  anargy  hat  baan  utad  at  a mortality  of  phytic • I 
thatapy  lot  a numbai  of  year*  without  any  record  of  ocula' 
damaga  this  cata  ttudy  wat  published  to  recall  to  tha  aftantion 
of  ophthalmotopitt  inrtuttnal  physician*  and  microwaya  worker* 
tha  potontiabtra*  of  micro** ava  radiation  m ordar  that  tha  uta 
of  thn  form  of  anargy  will  ba  accompamart  by  appropnata  ratpact 
and  procauhont 

CHAMII  op  PHAOOCVTtC  ACTIVITY  A NO  MOOIUTV  OP 
NEUTROPHILS  U NOt It  TNI  INPLUERCE  OP  MfCROWAV* 
FIELDS 

A I Ivano*  Krro*  Ordar  of  Lanrn  Md  Mad  Acad  Leningrad 
1M2  1 p 

7TNVN  Service  da  Santa  dot  Armaat.  Touloti  (franca) 

BIOLOGICAL  IPPICTS  OT  UNP  ELECTROMAGNETIC 
RADIATION 

A Joty  and  B Sanrantw  Mar  1172  1 p 

Vary  high  fruquancy  radiation  affactt.  amittad  by  radar 
aquipmant.  on  tha  human  organitm  ware  invattigatad  Tha 
phyvological  and  phytropalhotogrcal  atpaett  ara  outlinad  Data 
alto  covar  pulse  duration,  ponatrativa  power  anargy  dantity.  and 
aapotura  lima 


hold  in  hah  tha  ttrangth  of  tha  electric  currant  naadtd  to  thmulato 
a ftth  to  qurvar  mcroaaod  by  41%  m a bald  of  100  to  >00  Oa 
In  rabtartt  it  wat  drown  that  tha  forabram  and  dtancaphalon 
whan  dapnvad  of  nerve  connochona  to  tho  rocaptora.  roact  moro 
to  a magnitre  hold  than  an  intact  bram  It  it  conchrdad  that  a 
magnetic  hold  acta  at  111  a watt  shmutua.  Ill  it  uauady  inhibitory, 
and  131  aett  drroerty  on  tho  lorabram  and  dwmaphaton 


TAMMS 

TNI  IPPICT  OT  MNTNMTtO  WAVS*  OP  OIPPERENT 
INTIN0ITII0  ON  TNI  BLOOD  AND  HEMOPOIETIC 
OOOAN9  01  WHITE  NATO 

I A Kitsovskeya  IMA  I p Aapr  from  Qig  Tt  i Prof  Zabolev 
(USSR),  y I.  1M4  p 14  20 

Reported  ara  tha  affactt  of  tha  admmratratron  of  a data  of 
radiation  with  10-centtmetot  wave  puftaa  upon  tha  Mood  and 
hamoporatic  organa  (bona  marrow  and  aplaanl  m whrto  rata 
Attar  aatabliahrng  aach  rat  a background  level  tor  hamogtobm 
content,  tha  number  of  erythrocyte*,  rettcutocytot.  and  taukoc.ytoo 
and  than  differential.  radiation  of  tha  am  mala  wot  begun  with 
tha  microwave  mtanarty  and  aapotura  pertodt  vanad  tor  aach 
group  Periodic  blood  ttudiaa  ware  performed,  and  changaa  m 
tho  number  of  termed  blood  Moment*  m each  enrroel  waia 
compared  and  tha  result*  recorded 


ranNTUIl  RAOfATtON  NA2ARO  IN  AAOAA 
INSTALLATIONS 

H J Roarnar  tSS7  1 p Rapt  from  font  Arbeit* mad 
ArbeitttchuM.  « 1 7.  1M7  p 1 I 
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C HANOI  S IN  TIN  CUCTMCAL  ACTIVITY  OP  TMC  RARCIT 
CSMONAL  CORT1R  OURtMO  CXPOSURt  TO  A UHF  HP 
CUCTNOMAONCTlC PICLO.  PARTS:  TNC  DIRK CT  ACTION 
OP  TNC  UNP-NP  PICLO  ON  TNC  CINTRAL  NERVOUS 
SYSTCM 

Yu  A Kholodov  IMS  t p Rapi  from  Biul  Ek*p  Biol  Mad 
rUSSSl  no  SB  1*63  p 42  46 

Tha  effect  ot  *n  UHF  held  on  tha  EFG  *har  m|uiy  to  the 
telereceptoi*  atone  oi  concurrent  with  an  mention  of  tha 
ma*ancaohalon  at  tha  interior  colliculi,  w.i*  (tudiad  in  rabbit* 
Tha  animal*  raacnont  aftar  *ingla  daaffaraniation  oi  combmad 
with  the  bram  taction  wara  the  *ame  a*  in  tha  normal  control* 
that  iv.  the  EEC  showed  an  mci-ia*a  in  amplitude  and  a decrease 
m Irequency  Tha  affect  was  avaluatad  in  tarms  ol  response 
frequency  and  latent  penod  Tha  same  reaction,  even  more 
pronounced  was  nottd  in  tha  istatad  brain  which  suggastad 
that  the  telereceptors  ere  not  primarily  concerned  with  tha 
perception  ol  the  UHF  field  Incision  al  tha  mesencephalic  level 
increased  the  duiehon  ol  the  response  but  shortened  the  latent 
penod  The  diencephalon  and  talecephalon  located  above  the 
W incision  weie  capable  ol  responding  to  the  UHF  field  The  mean 

latent  penod  was  increased  alter  deafferentetion  However  tee 
distribution  curve  m different  individuals  showed  two  mamma 
No  morphological  explanation  could  be  found  to  account  tor  the 
difference  in  response  However  the  cortea  and  the  hypothalamus 
showed  distinct  histological  changes 


71-00012 

THt  EFPECT  OP  AN  CLECTROMAGNETIC  PICLO  ON  THE 
CENTRAL  NERVOUS  IVtTCM 

Yu  A Kholodov  1962  1 p Rapt  horn  Pmoda  (USSR)  no  4 
1962  p 104  105 

The  enacts  oi  a static  magnetic  hold  on  the  central  nervous 
system  were  studied  m buds  fish  and  mammals  by  the 
conditioned  telle*  method  Reactions  to  light  sound  and  electric 
cuuent  were  utilized  The  held  strength  varied  (torn  1 lo  BOO  Oe 
and  eaposure  time  from  seconds  h.  hours  Although  food  seeking 
and  electrodelensive  refleaes  to  a magnetic  held  could  be 
established,  it  was  easier  in  fish  to  develop  inhibitory 
conditioned  refleaes  In  this  aspect  magnetism  proved  a greater 
stimulus  than  light  or  sound  In  pigeons  alimentary  conditioned 
refleaes  were  inhibited  in  70%  of  the  eases  by  the  magnetic 


79  00MB 

THE  OCULAR  EFFECTS  OP  MICROWAVES  ON 
HYPOTHERMIC  RARRITS  A STUDY  OP  MICROWAVE 
CATARACTOOCNIC  MECHANISMS 

P 0 Kramer  A F Emery.  A W Guy.  and  J C Lin  Fab 
1974  1 p Piasentad  at  tha  New  York  Acad  ol  So  Coni  on 

Biol  Effects  of  Nonionizing  Radiation.  Fab  1974 

7S  000M 

ACCURRCV  LIMITATION  IN  MCASURCIMNTS  OP  HP 
FIELD  INTENSITIC9  FOR  PROTECTION  AGAINST 
RADIATION  HAZARDS 

H R Kucia  Nov  1972  1 p Rapt  from  IEEE  (Inst  Elec 

Electron  Engr ).  Trans  Instr  Maas,  v IM  21.  Nov  1972 
p 412-415  Presented  at  the  IEEE  and  Intern  Union  of  Radio 
Sci  Conf  on  Precision  Electromagnetic  Meas . 13th.  Boulder 
Colo  26  29  Jun  1972 

7B-Q00S7  Methodist  Hospital.  Houston.  Tea 

A MICROWAVE  DECOUPLED  GRAIN  TEMPERATURE 
TRANSDUCER 

l E Larson.  R A Moore,  and  J Acevedo  Apr  1974  1 p 
Rapt  from  IEEE  (Inst  Elec  Electron  Engr ).  Tran*  Microwave 
Theory  Tech,  v MTT  22  Apr  1974  p 438  444  Prepared  in 
cooperation  with  Westmghouse  Elec  Corp . Baltimore 

The  measurement  of  brain  temperature  during  moderate  to 
high  level  eaposuie  to  microwave  radiation  was  considered  Bench 
test  studies  ol  conventional  temperature  transducers  in 
microwave  environments  have  demonstrated  artifacts  responsible 
for  errors  of  several  degrees  centigrade  These  findings  led  to  a 
piogram  for  tha  development  of  systematic  test  procedures  and 
ihe  design  of  electrodes  with  artifact  reduced  to  0 1 C. 

76- MOM 

TEMPERATURE  DISTRIBUTIONS  IN  THE  HUMAN  THIGH. 
PRODUCED  OT  INFRARED.  HOT  PACH  IN  MICROWAVE 
APPLICATIONS 

J F Lehmann.  0 R Silver  m.m  B A Baum.  N l Kirk,  and  V 
C Johnston  1966  1 p rats  Rapt  from  Arch  Phys  Mad 
Rehabil.v  47.  1966  p 291.99 

In  this  study  it  wat  found  that  during  luminous  heat,  infrared, 
and  hot  pack  application,  blood  fow  changes  occurred  in  tha 
skin  and  subcutanaoua  tissues  which  cooled  the  superficial  tissue 
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layers  An  a fttutl  the  temrMetute*  m the  superficial  tissue 
lay***  dragged  m spite  of  tha  continuous  application  of  tha 
mortality*  Thu  tempatatuia  drop  occurrad  affat  an  initial  expaeuta 
of  approaimatalv  10  rnmutaa  In  spite  of  fhta  cooling  nffact  roauRing 
from  an  mcraaaa  m blood  Ho*  tha  superficial  tissue  la  yam  wetv 
not  coolad  enough  to  aftoar  a tharapeubcatty  affactnra  naa  in 
tha  tamparatura  of  daop  tissues  such  aa  musculature  Nona  of 
tha  modstitra*  maaatipatad  proved  to  l*  affact<va  aa  a daap 
haating  agont  Thara  was  no  aignificant  difference  m tha 
tamparatura  dratnbutiona  irrespective  of  tha  technique  of 
apphcafron  or  tha  type  of  auparhctaf  haatmg  modality  uaad  A 
atatiaticalty  aignificant  diffaranca  in  tamparatura  distributions 
produced  by  tha  auparhcial  floating  modalities  and  by  microwaves 
(2496  me  and  900  met  <*aa  found  from  tha  tharapautic  point 
of  many,  microyy #ve*  oparatmg  at  2456  me  were  not  to  affactiva 
in  haatmg  muKulatura  at  warn  microwaves  oparatmg  at  tha 
frequency  of  tOO  me 

effect* op  microwaves  on  cardiac  rhythm  op 

RABBITS  DURING  LOCAL  IRRAOIATIOPt  OP  OOOY 
AMAI 

N A Levitina  1964  f p Rapr  from  tyull  tktponm  Biol  i 
Med  v SB  1964  p 62  69 

79  00100 

POWER  DC  POSITION  IN  A SPHCRICAL  MOO  CL  OP  NIAN 
CXPO 640  TO  1*0  MM*  ELECTROMAGNETIC  PltLOt 

J C Lm  A W Guy  (Washington  Umv  Seattle!  and  C C 
Johnson  (Utah  Umv  Salt  Lake  City  I Dec  1973  1 p Rapr 

hom  IEEE  Tiant  Microwave  Thaoiy  and  Tach  y MTT  21  Oac 
1973  p 791  797  Presented  at  IEEE  Intern  Microwave  Symp 
Bovlder  Colo  4 6 Jun  1973 
i Contract  F41609  73  C 0002  Grant  GM  164361 
(HEW  16  P 5616  O 1 It 

79  00101  Washington  Univ  Seattle  Oapl  of  Rahabil 

Mad 

MICROWAVE  SELECTIVE  BRAIN  HCATINO 

Jamas  C Lm  Arthur  W Guy  and  George  H Kraft  1974  1 p 
Rapr  from  J Microwave  Power  v 8 no  3 4 1973 
p 275  266 

Microwave  induced  healing  patterns  m mammalian  brains 
ware  studied  using  spherical  models  through  theoiy  and 
eapenment  Differential  absorption  by  vanous  portions  of  the 
brain  produced  local  hyperthermia  Though  microwave  tieatmg 
■a  extremely  rapid  the  piecise  temperature  rise  depends  on  the 
intensity  of  incident  'Vdiation  and  tha  duration  of  eaposore 
Preliminary  anim*.  (cat)  experiment*  indicate  that  a temperafuie 
of  43  C is  atta-'i. J m 90  s without  tissue  damage  suggesting 
the  possibility  r'icrov»i  llerential  hypatthenma  as 

an  adjunct  tc  1 -i*  wfi.u: i the'.“  v u biam  cancer 

79  00102 

THC  (PPECT  L f ELECTROMAGNETIC  FIELDS  ON  THt 
BIOELECTRIC  ACTIVITY  OF  CEREBRAL  CORTEX  IN 
RABBITS 

M N Livanov  A B Tsypin  Yu  G Grigoryev  V G Krushchev 
S M Stepanov  and  V M Ananyev  1960  1 p Rapr  from 
Burl  Eksp  Biot  Mad  (USSRl.  no  49  I960  p 63  67 


79  00102 

THC  EFFECT  OF  RADIO  FREQUENCY  ELECT*''  'AGNETIC 
FIELDS  IN  THC  191  AKO  16F  '•  RANc-  IN  THt 
CONDITION! D REFLEXE?  r-  AV.MaklO 
Ya  A Lobanova  and  A V unirovs  a 8 1 p Rapr 

from  Gig  Tr  Prof  2abol  IUSSRI.  no  3 1968  p 76  SO 

76  00104 

CHANOiC  IN  CONDITIONED  REFLEX  ACTIVITY  OF 
ANIMALS  DUE  TO  EXPOSURE  TO  MICROW*VES  OF 
VARIOUS  FREQUENCY  RANGES 

Ya  A Lobanova  1964  1 p Rtrpr  from  Gig  Tr  AMN 

SSSR  (USSRl.  no  2.  1964  p 13  <9 


79  00166 

CHANCE  IN  HtOHCR  NERVOUS  ACTIVITY  AND 
iNTtRNIURON  CONNECTIONS  IN  THt  CIRCCRAL 
CORTEX  OF  ANMNALE  UNDER  THE  INFLUENCE  OF  UMF 

Ya  A Lobanov  anJ  M S Totgskaya  I960  1 p Rapr  from 
Tr  Gtg  Tr  Ptol  AMN  SSSR  (USSR)  no  1 I960  p 69  74 

79  00189 

SIOLOOICAL  EFFECTS  OF  RF  ELECTROMAONETIC 
WAVES 

X Merhi  1963  1 p Rapt  from  Ptacovm  Lakarstvc  Prague 

15  (Czechoslovakia!.  1963  p 367  393 

79  00107 

NEUROPHYSIOLOGICAL  EFFECT  OF  3 cm  MICROWAVE 
RAOIATION 

R D Me  Alee  196  1 t p refs  Rapr  horn  Am  J Physiol 
v 200  no  2 1961  p 192  194 

Neurophysiological  effects  hum  locally  applied  3 cm 
mictowave  irradiation  wata  demonstrated  on  decerabtate  and 
anesthetized  tats  and  shown  to  be  tne  result  at  thermal  shmolation 
ut  peripheral  sensory  nnve  fibers  The  penetrating  characteristic 
ol  3 cm  radiation  heats  these  libers  within  tha  skin  and 
subcutaneous  tissue  to  45  • ot  2 C it  which  tempeiatuie  a 
nociceptive  response  was  elicited  Item  tha  •■penniental  animals 
The  mediation  was  applied  to  small  ataas  ot  skin  ot  shot!  sections 
ot  naive  bunks  nch  in  sensory  fibers  and  tha  nociceptive  response 
obtained  was  quite  different  from  the  signs  ol  a hyperthermet 
state  seen  during  whole  body  microwava  irradiation 

79  00109 

THRESHOLDS  FOR  LENTICULAR  DAMAGE  IN  THE  RA09IT 
EVE  DUE  TO  SINGLE  EXPOSURE  TO  CW  MICROWAVE 
RAOIATION:  AN  ANALYSIS  OF  THE  EXPERIMENTAL 

INFORMATION  AT  A FREQUENCY  OF  2 49  GHz 

Donald  J McRae  Dec  1971  Ip  Rapr  from  Health  Rhys 
(N  Ireland!  v 21  Dec  1971  p 763  769 

This  work  presents  a teview  of  the  literature  as  regards  to 
the  tiower  and  time  thresholds  lot  opacity  formation  m the  eye 
due  to  continuous  microwave  radiation  Tamparatura 
measurements  ■ the  vitreous  humor  were  used  to  develop  an 
analytical  mode1  (using  basic  principles  and  experimentally 
determined  rate  constants)  which  piadicts  the  power  and  time 
thresholds  for  a frequency  of  2 45  GHf  Although  this  model 
was  not  extended  to  other  frequencies  it  provides  a context  in 
which  a general  analytical  model  can  be  developed  when  more 
tempeietute  deta  become  available  Two  empirical  equations  wait 
derived  which  predict  the  powet  and  time  thresholds  as  a function 
of  hequency 

76  00109 

EFFECTS  OF  EXPOSURE  TO  MICROWAVES:  PROBLEMS 
AND  PERSPECTIVES 

S M Michaelson  1974  1 p Wept  from  Environ  Health 

Perspectives.  B p 133  156 


76  00110 

STANDARDS  FOR  PROTECTION  OF  PERSONNEL  AGAINST 
NON  IONIZING  RADIATION 

S M Michaelson  1974  1 p Repi  bom  Am  Indust  Hyg 

Ass  J 35  p 766  784 

76  0011 1 Rocheslei  Umv  NY  Depi  of  Radiation  Biology 
and  Biophysics 

RELEVANCY  OF  EXPERIMENTAL  RTUOIE8  OF 
MICROWAVE  INOUCED  CATARACTS  TO  MAN 

S M Michaelson  1972  1 p Sponsored  by  AEC 
IUR  3490  103) 

An  extensive  literature  review  is  piesented  ol  studies  which 
have  attempted  to  assess  tha  relationship  ol  exposure  to 
rmciowaves  and  the  subsequent  development  of  cataracts  The 
studies  include  numerous  investigations  in  animals  and  several 
surveys  among  human  populations  On  tha  basis  of  these 
studies  the  following  conclusions  are  made  1 1 1 The  estimated 
exposure  levels  with  which  clinically  significant  cataracts  have 
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been  associated  have  genereNy  been  quite  high  and  wad  above 
100  mW  *q  cm  (2)  In  general  Ida  >lud>a>  are  only  qualitative 
and  do  mi  gne  any  talalion  between  Ida  actual  power  laval 
and  petholoqy  1 3)  The  mdnmluali  studied  m Ida  surveys  could 
da«a  been  eapoted  lu  « im/mg  tathebon  fuel  a»  wad  at 
microwave*  |4|  Tda  daaltd  hazard  potad  by  Ida  potatbtdly  ol 
miciowava  induced  cataract  formation  wouM  appear  mmo* 
because  Ida  |iowai  densrtie*  requited  tot  opecitrcnbon  a>a  aayan 
to  tight  time*  tda  maaimum  permissible  eaposuie  level*  auggetted 
toi  duman  eapoture  (10  mW;ti|  cm) 

nwtii  Rochester  Uni*  N V Dapt  of  Radiation  Biology 
and  •■opdytica 

THERMAL  IMICTI  Of  St  NO  IE  AND  REPEATED 
IIPOUMI  TO  MICR0WAV9* 

S M Michaelson  Oct  1973  1 p Presented  at  Ida  Intatn 

Symp  on  Biol  Ittacta  and  Heelth  Hazard*  ot  Mrctowava  Radiation 
Warsaw  IS  Oct  1973 
IUB  3490  317  Con!  731042  II 

Thaimal  abaci*  ot  Single  and  rapaalad  anpotuia  to  mtcrowavaa 
wild  respect  to  tdtaadold  pdanomana  and  ptiyaiotogical  adaptation 
ara  raportad  Tdraahotd  response  waa  noted  in  rabbit*  eaposed 
to  2 49  S40  S23  and  1006  GHz  microwave*  localised  to 
tda  aya  at  powa'  density  time  duration*  *ufticiant  to  raiull  in 
opacitia*  Adaptive  reactions  wara  noted  in  tda  dog  ratrbit  and 
rat  For  anample  rapaatad  whole  body  aapo*ure  ol  dogs  to 
2 BB  (THi  and  12SS  MHz  pulsed  microwave*  at  powar 
danadie*  from  20  to  166  mW  jq  cm  1 to  6 dour*  par  day  lot 
2 to  4 weak*  tdowad  thermal  adaptation  or  acclimatization  a* 
redacted  by  dtmim*hed  temperature  ra*pon»e  a*  Ida  exposures 
continued  Rat*  repeatedly  eapnted  to  2 4S  G H/  pul*ed  reveal 
adaptive  inaction  ot  lunctronal  change*  Acetytcholni*  level*  in 
Ida  blood  ot  rabbit*  and  functional  change*  *ucd  a*  arterial 
pre**ure  alteration*  in  rabbit*  al*o  *how*  the  phenomenon  ot 
adaptation  a*  a result  ol  repeated  exposures  to  thermogenic 
revel*  ot  microwave*  The  use  ot  these  studies  a*  a mean*  of 
examining  some  fundamental  aspect*  ol  tdermoregolatrun 
acclimatisation  or  adaptation  and  interrelated  cardiovascular 
biochemical  and  neuroendocrine  functions  is  suggested 


79  00113 

THt  INFLUINC*  OF1  MICROWAVES  ON  I0NIXIN0 
RADIATION  EXPOSURE 

S M Michaelson.  RAF  Thomson  L T Odluml  and  J W 
Howland  Feb  1963  1 p lets  Repi  trom  Aerospace  Med  v 
34  Feb  1963  p 1 tt  115 

The  effectiveness  oi  piacbcaldy  ot  miciowave  eaposuie  a* 
a method  for  enhancement  ot  recovery  end  or  protection  against 
radiation  can  only  be  intened  trom  the  data  presented  The  results 
suggest  that  additional  work  should  be  done  to  evaluate  the 
potential  ol  this  procedure  in  counteracting  oi  minimising  the 
effects  ot  ionising  radiation  Vanous  time  intensity  factors  ot 
ionising  radiation  frequency  power  level  pulse  height  and  width 
mteirelationships  lor  miciowave  mediation  as  well  as  intervals 
between  eaposuie*  ot  these  two  energies  should  be  co  sideied 
in  Si.cn  investigations  2800  MHz  PW  (pit  360.  pu‘  .a  width 
2 microseconds!  100  165  mW  sq  cm.  dogs  MWs  • X lay 
(250kV  2 R/mml  Results  aie  reported  from  studies  n dogs  on 
the  effect  ot  mictoweve  eaposuie  on  tesponse  to  ionising  radiation 
Irradiation  with  25000  R resulted  in  death  within  24  hi  ,n  2 ot 
10  dogs  with  a previous  history  ot  mictoweve  eaposuie  Nine 
ot  to  noimal  mediated  dogs  died  in  the  seme  period  Neurological 
manifestations  wet*  less  sever*  m the  mictoweve  treated  dogs 
The  results  suggest  that  the  possibility  of  using  mictoweve 
treatment  to  counteract  oi  minimis*  the  effects  ot  ionising  lediation 
should  be  aaptoied 

76  00114 

EFFECTS  Of  ELECTROMAGNETIC  RADIATIONS  ON 
PHVStOLOGiC  RESPONSES 

S M Michaelson  R A E Thomson  end  W J Qi-mlain  Mai 
1967  t p lets  Repi  liom  Aerospace  Mea  v 38  Mai 
1967  p 293  298 

Studies  were  petloimed  on  dogs  eaposed  to  1240  Me /sec 
pulsed  microwaves,  at  a field  intensity  of  50  mW'/sq  cm.  sia 


hour*  pet  day  tot  live  consecutive  days  Some  dogs  with 
additional  eaposutes  wet*  included  Fot  companion  dogs 
previously  mediated  with  1000  kVp  X lays  (90  R/mml  erthet  to 
Ota  whole  body  (300  Rl  upper  body  11900  Rl  ot  lower  body 
1900  Rl  were  eapoeed  to  rmcruwawae  m a atmdar  manner 
Alterations  in  cardroputmonery  thyroid  and  erythropoietic  function 
ot  notmel  dug*  end  gteetei  sensitivity  ot  X mediated  dogs  to 
microwave*  are  noted  In  general,  the**  atudiea  indicate  that 
repeated  eapoture  to  1240  Mc/eac  microwaves  el  60  mW/*q 
cm.  can  produce  functional  change*  m the  dog  Which  it 
aairapolaled  to  men  would  be  indicative  ot  homeoatatic 
insufficiency  and  decrament  m paitoi  me  nee  capability  even  though 
overt  ncapacilehon  may  not  take  place  Whether  thetmal 
nonihermet  or  both  of  these  ate  the  contributing  lectors  m the 
response  to  micioweve  eaposuie  there  ate  sufficient  experimental 
end  tiumen  survey  evidence  to  indicate  that  miciowav*  eaposuie 
results  in  atterabons  in  compeneetoiy  end  homeokmetic 
mechanism*  ot  the  body  The  effect  ot  microwave  eapoture  at 
60  mW/*q  cm  in  the  notmel  emmet  should  start  us  to  the 
caution  that  has  to  be  eseited  mtmn  any  consideration  •*  given 
to  leismg  the  presently  accepted  me* mum  petmissibt*  eapoeur* 
ot  10  mW  /sq  cm 

76  00116 

INOOCRItM  Rt  ACTIONS  AND  CHANGES  IN  BNOOCMNt 
OLA  NOB  UNOtR  INfLUINCt  Of  MICROWAVtB 

H Mikotertyf  1972  1 p Rapt  from  Med  lotmcze  (Potandl 
no  39  1972  p 39  61 

On  the  base  ot  modem  concept  ot  endoctrn*  system,  the 
eltect  ol  mictoweve*  on  hormonal  reactions  and  change*  in 
endocrine  glands  is  discussed  There  carets  e marked  thermic 
effect  ot  mictoweve*  on  the  endocrine  system  while  still  lack 
valid  observations  concerning  occurrence  of  hormonal  changes 
under  influence  ol  nontheimrc  doses  of  microwaves  The  symptoms 
ot  slight  thyroid  hypofunchon  were  shown,  ptobably  these 
symptoms  ate  due  to  dysfunction  ol  the  hypophysis  Cheng**  in 
cholinesterase  activity  in  Hurds  and  tissues  wete  also  observed 
Damaging  affect  of  microwave  mediation  on  gonad*  was  also 
proved  probably  the  primary  placa  ol  action  in  this  casa  seams 
to  tie  the  hypothalamus  hypophysis  systam 

noons 

SURVIVAL  PIRI003  Of  NORMAL  AND 
HVDRORHVBCCTOMina  RATS  CXROBBO  TO  ACUTE 
MtCROWAVf  IRRADIATION 

M Mrkotatczyk  1973  I p Rapt  Imm  Patol  Polska  (Warsaw) 
v 24  1973  p 325  332 

Noimal  137).  hypophysectomized  US)  and  partially 
hypophysectomized  (16)  rals  waia  exposed  to  lethal  doses  ol 
mu -owe**  radiation  12860  MH/  120  mW/sq  cm)  Penod  ol 
sutvivellt  prime)  was  measured  in  minutes  l • oi  1/2  minute) 
ll  was  found  that  the  survival  penod  t|  prime)  in  normal  rats 
was  largely  a function  of  body  mass  Iml  The  regression  equations 
tor  t prime  m t prime  m 2 3 powar  and  t prime  m 3/4 
power  warn  of  compatahl*  values  with  linear  or  close  to  linear 
course  There  ware  no  significant  differences  between  means  ot 
absolute  survive!  penod*  between  normal  rats  hypophysectomized 
or  partially  hypophysectomized  tats  Survival  penod  per  unit  ot 
body  weight  It  prime/ 10  X m t prime  X m 2/3tds  power  and 
I prime  X 10  3/4lh  power)  was  significantly  longar  in 
hypophysectomized  tets  than  in  partially  hypophysectomizad 
and/or  normal  tats  Correlations  between  t prime  m.  t prime 
in  2 /3rd*  power  and  t prime  m 3 /4th  power  wete  positive 
and  highly  significant  m normal  rats  There  were  no  such 
correlations  in  hypophysectomized  rats  The  results  indicate  that 
hypophysactomy  diminished  tha  sensitivity  ol  rats  to  acuta  affects 
ol  microwaves  It  also  seems  that  thaimal  effect  or  microwave* 
depends  not  only  on  the  size  ol  body  surface  and  of  body  mass, 
but  also  on  general  metabolic  rat*  in  tissues 

78-00117  Rochester  Univ  NV  Dept  ol  Radiation  Biotogy 
and  Biophysics 

BIOLOGICAL  EFFECTS  OF  MICROWAVE  RADIATION 

William  C Milroy  and  Sot  M Michaelson  Jun  1970  1 p 
Repr  from  Health  Phys  (N  Ireland)  v 20.  Jun  !97t 
p 567  575 
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WMWPMI MTMCTPPWM  A 0MT1CAL  AOVttW 
• TMIU1IM1PM 

W C Nbbey  and  t M MiehasMan  .‘an  1111  t p Aapr 
N Asioapaca  NW  v 41.  Jan  till  p IM1 

Concern  rath  IN  pa*aMa  “»tr»  at  eipcauie  to 
mmowevo  ied«hon  he*  recently  Nan  an  IN  nM  legislation 
M protect  ilia  pubhc  bom  hat  aa  does  appaaw  w iractewtvae 
Na  Nan  anactad  and  even  stricter  caiman  have  Nan  piapaaM 
IN  lant  o»  IN  eya  Na  Nan  conaidaiad  ana  o*  IN  maal  aanadwa 
organs  m true  row  ava  ipdianan  A tevrew  o4  in  Waaiam  and 
Nani  bloc  htereturs  on  mic<oweve  tatatactpganasis  * piaaaniad 
aa  welt  as  an  enetysa*  ot  IN  eatue  m ihi  literature  hi  tetmt  ol 
atandaid  sailing  and  hazard  evaluation 

94-001  IP 

•motto  o»  vises  ral  UNONS  oomovoo  m unco  ano 

OATO  SJtROMO  TO  UM9  V9AVOO  A PARTICULAR  OTUOT 
Ot  TNt  ttttCTO  Ot  TMCOt  WAVtO  ON  TIN 
MtOOOUCTION  Ot  TFMSS  ANNALS 

L Miro  A loubrere  and  A blister  INS  I p Aepr  from 
Am  Mad  Aeronaut  'Ran*)  s 4.  INS  p 37  It 

Aals  mate  etpoeod  to  ulna  shod  «asss  (10  cm  waves  ol 
3105  MHz  ■ oi  IS  MHt  frequency  I *oi  IN  300.  and  4S0 
hours  The  emmets  suite  red  no  tH  ettects  ol  general  anatomy 
not  ol  physiology  whan  (here  was  a means  ol  eliminating  the 
heat  lot  mad  in  the  body  horn  the  electromagnet*  transformation 
ol  enatgy  The  spec-lie  effects  ol  uttiashoit  waves  on  gonad 
stricture  and  reproductive  (unction  were  investigated  m mice 
and  nts  The  waves  had  no  adverse  effect  on  either  gonad 
Structure  ot  reproductive  function 

90001W 

HIAT  BTAIBS  DUE  TO  09  AA  NATION 

William  Walden  Muinfotd  Muv  1969  1 p Repr  horn  Proc 

l«E  v 57  no  2 Feb  IMS  p 171  170 
The  ledielion  protection  guide  (AAG1  number  ol  10  mW/’sq  cm 
it  generally  accepted  lor  nctmel  environmental  conditions  For 
conditions  at  moderate  to  severe  heat  stress,  the  guide  number 
should  be  appropriately  reduced  A proposal  to  reduce  the  guide 
number  one  mW/sq  cm  lor  every  temperature  tiumtdtty- index 
i This  point  above  70  (until  1 mW/sq  cm  is  reached)  is  etammed 
in  terms  ot  heat  stress 

70  00111 

0001 OVATIONS  ON  MICROtMAVS  HAZARDS  TO  U0A9 
RtRSONNtL 

t T Odland  Jul  1972  1 p Aepr  horn  J Occup  Med. 

V 14.  Jul  1972  p 544  547 

Microwave  m|ury  espenences  and  possible  potential  hazards 
ol  microwave  eaposures  to  microwave  operators  ate  considered 
■n  an  attempt  to  assess  the  validity  ol  present  USAF  exposure 
safety  limits  Radicular  attention  is  given  to  the  incidence  ol 
cataract  in  members  ot  USAF  personnel  eapotod  (o  microwave 
radiation  it  is  pointed  out  that  the  present  10  mW/sq  cm  esposuie 
limit  may  N subtect  to  a future  revision  when  warranted  by 
new  evidence  it  is  also  indicated  that  the  eye  is  not  IN  most 
vulnerable  organ  end  that  the  use  ol  cataract  development  as  a 
enter  ton  ol  microwave  damage  is  conditional 

70-00111 

CLINICAL  AS9SCT0  09  MtNTAl  OIOOOOOAO  90U0WIN0 
•XR04UAI  TO  SU9CR-MI0M  FREQUENCY 
CLICTAONA0NCT1C  WAVES 

T N Odova  1 07 1 Ip  Aresented  in  Gvtvbrtl  Michinrimi  of 
Mtmal  INn«t%  (Kuan)  p 10  It 
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90-00104 

OOOQOATIOWAl  HVOWM  AND  TM>  IFNCT  09 
OAOIO  9AOOMOASV  StiCTAOMAOMtTlC  9IIL0C  ON 
NOAM  NO 

Vu  A Qeqyrv  Medttame  ftoee.  Lenmgred  10M  1 p 

90-00100 

TN0I990CT  09  VM9-M9  UNOdA  INDUSTRIAL 

Yu  A Oetpov  t552  1 p Aepr  (torn  Qig  Sprat  (UtSA). 

no  S.  1951  p 22  23 

90-M1N 

I990CT  ora  RADIATION  09  TMC  OAOOA  09  CM  ANO  M 
WAVSS  ON  HUMANS  H0ALTN 

J Readerovo  Doc  ISM  1 p Aapz  bom  Rrac  lek 
(Czechoslovakia  I v 20.  Doc  t»d«  p 449  459 

IN  biologic  at  hazard  contributed  by  microwave  irradiation 
is  cvalueted  and  the  petbologicel  effects  ot  microwaves  on 
personnel  working  within  ctese  range  ol  eNctroetebc  bolds  ere 
diecussed  Tissue  destruction,  morphological  eftecte  on  the  central 
nervous  system.  erd  general  effects  ol  intensive  mieiowtve 
irradiation  on  living  organisms  during  chronic  eapoeaara  ere 
reviewed  A critical  evaluation  ol  maximum  permissible  levels  at 
microwave  radiation  exposure  is  given 


90-00119 

TMC  MtALTM  CONDITION  IN  WOAMM  IXROMD  90N 
A L0N0  REAtOO  TO  TMC  C10CTNOMANN0T1C  RADIATION 
IN  TNC  ULTRA  SHORT  WAVS  9MQUCNCV  CANO  00-000 
MHt) 

Jana  Ratderova.  Vera  Bryndova.  Jan  John.  Idgpr  Lukas.  Morcete 
Nemcova  and  Jan  Zuhnk  1*71  1 p Aepr  bom  free  Lek 

(Czechoslovakia)  v 23.  no  5.  1971  p 205  271 

Altogether  55  television  transmitting  station  employees 
49  men  end  9 women,  were  examined  The  moan  age  woe 
32  t yoets  and  the  mean  period  ol  emptoymant  7 2 yoare  TN 
frequency  band  ol  the  liens  mitten  was  41 5 230  MHz.  me  mean 
intensity  ol  IN  elactromagnatic  bold  2 9 V/m.  SO  04  and  ranga 
0 9 2 The  moan  valua  o I irradiation  (or  t working  day.  i a . the 
sum  ol  tN  held  intensity  m V/m  end  period  ol  mediation  expressed 
in  hr  was  30  7.  SO  3 0 and  ranga  00-07.1.  The  error  m the 
measurement  methods  is  stated  30%  TN  liealth  condition  wee 
assessed  on  IN  basis  ol  ease  fuetory  and  tN  raauN  at  the 
foNwing  examinations  ECO.  X ray  at  IN  head  and  hangs.  ISA 
(Wood  vxk mentation  rate)  -znna  arwtywa.  beer  taste  SWA  (body 
weight  ratio)  and  gynecologic  a)  anamination  ol  women. 
Examinations  compared  end  etehsbcaNv  evebaeaed  wrth  tN 
rontrol  groups  were  blood  preeeum.  Mood  picture,  including 
rhrombocytee.  protem  spectrum,  glycemtc  curve.  opbthe*motogn 
erammetion,  neurMogm.  ptychaemc  end  peytbologic 
exammebons  Na  sagna  at  damaga  by  atactaeraagneN  radrabon 
wart  brand  In  tN  laboratory  results.  tN  main  vMuse  at  plgate 
protem*  wore  sagrabcandy  me  rasa  ad  Although  this  phanomanon 
w net  conatdarad  pathologic,  ate  connection  watb  atNtrgmagnalic 
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A S fmtman  1*>8i  1 ^ R#p’  I'uni  Usp  In  Nan*  'USSR* 
no  86  1»«S  p 263  302 

Re**#*  of  those  ni«  HMfrJVe  toutogy  *op*nments  the!  e<e 
i onvd*mit  to  tw  of  iMOtHtiia’  mlt>*rs|  to  (>hyi«i  tsts  itatcobiHl 
no  ,is  to  l»a  ihteUt^i|>Hf  to  »'Ont»io*og*\»v  The  at»so*pt*on  of 
fmo»o*av4x  In  the  ttssuos  of  *ivmq  oiqamsms  >%  tonv<t*'e<t  iimh** 
t*t  4v|hs  ts  #*>e'>|y  tosses  ftur  to  H*n  roiMluitivity  »VHf  t1ie»e^T»« 
tosses  <tue  to  (K>i«>  /etion  tvljoatio"  m *4te»  molfCiiltts  The 
itoM"tet»*  of  mu. to* eves  *»v  the  eveloefton  of  then  effects  on 
hymens  en.1  am  mats  >s  tfisc tisse<1  ftte  ieectK>»ts  of  homen 
o»«jen'sm*  to  h>*  ntettsity  mictowavu*  ami  the  inaction*  of  animal 
o?genism%  to  m.i  tn*e«es  of  ell  intensifies  eie  tuMMtomrt  The 
ihangr*  ceosetl  t>y  mn  *o*eses  m emmet  {issues  e»Ml  utgamstn* 
e»e  discusseit  The  i#Mof4t  ami  mohn-ole*  effects  of  e*Nh  iromagnnm 
’•d'ation  of  e*l  *av*U»n«|thi.  ere  LtmsKWtiHl 

710*1*0 

NONTMt  AMAl  ACTION  00  MICROWAVE*  ON  TM*  MtANT 
RAT*  07  ANIMAit  1 ACTION  CONTINUOUS 
MICNOWAVtt 

A S anil  N A L t'v'fin*  1 96 J 1 p Av(ii  #«m» 

■vull  Bmi  i lAwl  no  1 '962  p 4'  44 

7*00131 

NONTMCAMAl  ACTION  07  MICAOINAVCt  ON  THi  Mi  ART 
RAT*  07  ANIMAit  » ACTION  07  7UIOCO 
MICROWAVt* 

A S PiAumjri  ,tnd  \ A UtviPnt  1962  I p Rfcpi  trooi 

tyull  tksppnm  Biol  t Mod  oo  2 <962  p 39  42 


7*  00132  School  o(  A»rot.p*c«  W*dtc»<«  Biooks  A1B  Ton 

TOttlOU  CATARACTOQtNIC  (77ICTS  07 
RADI07R* QUINCY  RADIATION 

0 R R»id«>  D l EpMom  ami  J H Kirk  Aug  197!  < p 

l AD  730922  SAM  Ravww  3 71  SAM  TR  71  24i 

Uvo  o'  th»  slacHomaananc  upacPum  lot  mao  c bc-nalil  has 
mciaakcd  t’*m«n(iookty  Hoy»avai  the  complain  oiirtoiylandiog 
o'  its  tmao'ia'  and  mat  biologic  hazards  Hat  'ailad  lo  keep 
pace  The  ptesent  Ihrrshold  Inoil  value  'CP  micioyyavey  ik  'lie 
sohiecl  o'  much  debate  The  eye  and  Ians  war  a damaged  liy 
miciowayes  eapeomenlelly  bul  the  mechenikm  til  damage  is  as 
yet  uneiplemed  A pielimmaiy  study  was  |Mu1oinied  using  radio 
tiequency  eaposuie  and  ihesus  munkeys  No  cataiai.ts  weie 
tunned  et  a frequency  nf  19  27  MMa  Piobtems  involved  m 
lutuie  (aUio  tiequency  studies  and  aieas  which  tequue  fuittiei 
studies  lie  discussed 

70  00133 

RAOTtCTION  07  TfAOONNCl  EXPOSED  TO  RADAR 
MICROWAVES 

f Sacchiiolli  and  Q Sacchdetli  i960  t p Repi  from  folia 
Med  (Naples!  v 43  I 960  p '219  1229 
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ClINICAl  PICTURE  03  'HE  CHRONIC  (778CT0  07 
ElECTROTAAONETIC  RMCROVYAYE* 

N M Swk  KiSova  and  A A Otova  1 96*  I p Rapt  bom 
Indus*  Hyq  Occu)iet  Dts  tUSSRt  y 2 <***  p 1*  22 

7*0013* 

TME  TMM  CONSTANT*  07  P*  A At  CHAIN  POAMATtON 

M Seitn  and  M p Sc  hwab  1**<  < p *eN  Rep*  'torn  the 

Pm*  ot  the  foudh  Tn  Seiv* a Cunt  on  Bwl  tracts  o'  MH.iuyyave 
Racka'ion  '9*1  p *5  97  Pceeented  at  'ha  4th  Tn  Swvice 
Cun'  on  *mt  (Heeds  ol  Micmweve  Aedialion 

As  the  results  ol  the  mveiligelions  made  on  the  nan  vent 
tiehaynii  o'  the  pead  ctiain  formation  it  is  concluded  that  1 1 1 
the  lime  unstanls  mvotved  m the  peed  cheer  tnmtation  ate  ol 
die  onlei  o'  e second  Hat  the  leckus  ol  * nuettin  and  thay  aia 
tucKioduanjI  lo  the  cube  ol  the  ladtuy  17)  The  time  conslatds 
aie  not  stumgly  dependent  on  the  held  intensity  when  d is 
smalt  end  they  am  mwesety  pcopodnnal  10  the  square  at  the 
He'd  mtensdy  when  <1  is  large  *3*  foi  pedicles  ol  sevotat  microns 
oi  ill  taigei  sues  d<»  lima  ctmslanti  become  as  targe  as  hundreds 
ut  'eiimcts  i4i  The  putseti  applied  held  is  as  etlectrve  as  it 
espected  br.m  ds  r m s value  tor  usual  iadat  systems  !5l  The 
haaa’its  due  to  heat  Irecome  proiHHinced  t store  the  hetd  intensity 
is  taigc  enough  tui  the  pead  Cham  hi  form  it  the  pedicle  sue  is 
less  then  10  mitions 

7*00130 

AlT*RNATtN«  CURRENT  MELD  INDUCED  PORCiS  A NO 
TMEIA  RIOlOOICAl  IMPU CATION* 

H P Schwen  end  l 0 Sher  <969  < p tats  Repi  bom  J 
( ter  true  hem  Sue  V 111  <969  p <70 

Steady  state  held  induced  bices  on  pedicles  ol  micioscopic 
sue  Irecome  sigmticent  el  held  strength  veiues  ot  the  order  ol 
100  v cm  They  include  peed  chain  burner <oo  it  the  alignment 
ot  pedicles  in  the  direction  ol  the  imposed  tiekt  end  the  onentetion 
ut  nunsphencal  pedic'es  The  time  constant  which  desenbas 
the  speed  ut  these  phenomena  depends  on  field  strength  and 
lieditle  and  other  parameters  For  pulsed  lietds  a tower  level  ot 
applied  average  power  can  suHice  to  evoke  the  phenomena 
mantioned  BiotogHal  implications  include  the  possbrldy  ol 
nontheimal  ettecis  ot  tuological  ugmhcancu 

79  00137 

INDUCED  7 IE  IDO  ANO  HCAT1NQ  WITHIN  A CRANIAL 
STRUCTURE  IRRADIATED  RV  AN  ■ LECTROM AQNBTIC 
RIAN*  WAVE 

A R Shgpuo  R F lutomuski  and  Ft  T Yura  1971  < p 
rets  Repi  bom  IKE  Transactions  v MTT  19  no  2.  1971 
p '37  196 

The  induced  fields  and  the  static  heating  patterns  within  a 
multilayered  sphoncat  modal  that  approaimatas  tha  pnmata  cranial 
stiuctuio  a>a  calculated  The  model  was  healed  by  plane  waves 
ut  the  microwave  spectrum  The  relation  ol  the  model  to  the 
luologicat  stmeture  and  the  sensitivity  ol  the  results  to  the 
uncertainties  m the  dimensions  and  electrical  properties  ol 
luological  material  are  investigated  A method  ol  solution  tot 
troth  the  scattered  and  tha  inte'tot  Helds  tor  a sphere  with  an 
etbdiary  number  ol  ttectnceHy  diHerent  concentric  layers  is 
developed  m a btm  readily  jrnenabbr  to  machine  computation 
It  IS  shown  that  the  semi  mhnde  slab  modal  is  inappropriate  for 
calculating  tha  microwave  radiation  dosage  lot  the  human  head 
and  Similar  structures 

7*00130 

HEALTH  SURVEILLANCE  07  PERSON  Nil 

OCCUR ATIQNAllV  (XROUD  TO  MICROWAVE*  3:  UN* 
TRANftLUCINCV 

M Siekrartynski.  P C/erski  A Gidynski.  S 7ydeckt.  C Caa-nacki. 
E Dnuk  and  W Jedr»e(crak  1974  < p Rapt  bom  Aaiospaca 
Mad  v 45  no  10  <974  p <146  <<43 

lha  incidence  ot  lenticular  opacibces  was  esarrnned  in 
S41  microwave  workers  with  histones  ol  venous  periods  ol 
occupation  el  eaposuie  at  2 W/sg  m to  60  W/sq  m 
i507  mdividtialU  or  at  below  2 W/sq  m 1334  mdrvidualsl  The 
incidence  ut  lenticular  opacities  was  competed  between  both 
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0 TttoONmt  1000  1 t oh  top*  tom  till  Tom  Oe  Mto 
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Tht  oltocl  ol  tadie  Itaquancy  tttclnc  toNt  on  whom 
biologic  metenot*  mi  mmnpl  bemculethr  ito  eWetit  on 
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•to  wmpim  appro  ateo  ngotoualy  •'motto  Tto  actwnty  at  tltotol 
dehydrogenate  pto  ito  Mnctwi  ol  DNA  mn  not  altered 
toa»«aa>  won  by  Ito  p Mongol  irradiation  pi  high  told  mlpntdy 
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■AAttMA  IM  MUMAPft 

^^^OOWlowto  1T| 

OMitanp  Odytwnon  1013  I p At*  tom  Am  J Ipnlomtol 
« 07  np  4 1013  p 110  114 

Tto  to  Mill  tmphcpnont  or  toipid*  ol  aapoauta  to  non 
wmtmg  mnrpoipap  rpdipiion  mutt  to  known  to  dovotap  ptotoctiya 
standard*  Pto  gwdaa.  on  p ton.  brotogv.  bppn  A lawman  it 
mod*  Ol  OPAOOPd  workers  a*»m  lotpocl  to  bndmg*  ol  • nourologic 
o«  batomoaal  ctoi actor  OmcM  studio*  lOl  ol  gtoupi  amptoyto 
m Ito  ogdipto"  totting,  mpmtpnpnct  and  mpnulacluro  ol  a 
wide  ypnaty  pi  ^Mctomovo-gotsorafing  oquip^nenf  in 
Ciochoatonki*  Potato  tto  U 5 A and  tto  U S S A ara  prowniad 
Tto  miapwap  pto  igat  commonly  daacnbad  m tto  Sowiot  and 
oltor  ttudtea  mcfctda  haadacto  •nci****d  latigaWity  mcraaaad 
arttMay  dwtmeaa.  low  ol  appatit#  staepmaa*  swatting 
ddbcuttoa  tn  concentration  or  momory  daprwMOn  * motional 
malttihl).  dpamogroptom.  thyroid  Aland  onlargomont  and  Itomor 
ol  aalpndad  hngti*  Thay  am  togardtd  at  typical 
mwroaaawo  mducad  functional  dwlutbanca*  ol  ito  CWS  and  ara 
cadPd  Ito  nourpaihanw  or  asttorwe  syndrom*  Tto  toquancy  and 
aawPrdy  al  cbmepl  Mgnp  mcretw  onih  long  tarm  aapoauta  Tto 
cbrnttM  ayndiompp.  but  not  noconanty  tto  IEG  ctongw.  art 
gpnatpPy  idwiMtblP  aatdi  tomporpty  lor  parmanpntl  tpmowpl  bom 
wort  and  onlb  tymptomattc  and  ganarpl  aupportryo  Itaaimanl 

IMN4I 

CNANMt  IN  A* ATI AA TIOW,  AUUM  AATf  AMO  9IN4AAL 
BLOOO  PWMUN  OUtHMO  IAR  AOIATION  OP  AWIMAIC 
WNTN  ANP-UHT 

A G Subbota  ' P57  I p Aapt  bom  Tr  Vnypnno  Mod 

Ahad  i Arrow  (USSA)  v 73  l«S7  p 111  IIS 
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TNI  IPPCCT  OP  AULMO  UtP  UMP  lUCTAOPMGMTIC 
PM U>4  ON  im  MtOHCA  NtAVOUt  ACTtVlTV  OP  OOOt 

A G Subbota  It  St  1 p Appr  bom  tail  Ikap  trot  Mad 
(USSR),  no  to.  ItSt  p 55  61 
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j A Swanaon  v I Now.  and  C H PowaPM  Oct  It70  1 p 


75  061  to  inwitonmanial  Ptotaciion  Agancy  Aockwilla  Md 

Tonnbtaok  ApanatMi  Lab 

WMCmiWAVt  INtAOV  aoaoaation  IN  TTOOUt 

A A TaM  fab  1171  I p 
ill  205233) 

A gunta  lo  aawarat  doarmatnc  tochnrquat  uaar*  to  atudy  anorgy 
ahaorptron  in  btotogrcM  naauw  it  proaaniad  A daladad  account 
i»  grvan  ol  Ito  calculation**  concapta  galtorad  bom  tto  ktaratura 
winch  ara  utad  to  datamtmo  tto  dagroa  ol  powar  abaorptron 
within  web  ItMua  tyaiama  at  wall  at  ito  ipatial  drunbuhon  ol 
IN*  abaorbad  dota  aa  haat  and  conaaouanlly  tha  iiaaua 
Ipmparaiuta  alwaltona  which  may  to  aapanancod  m ito  modal 
(loth  a graphic  analytic  tachmoua  uamg  tto  Smith  mart  and  a 
mattomatrcal  danvahon  ol  tha  apptopnata  computing  formulae 
ata  givan  Adaouala  dar:watron  o>  ito  appropnala  computing 
ktrmulal  a>a  grvan 

7100147 

MOOtPtCATtOM  OP  X IRAAOIATION  UTHAUTY  IN  WHCC 
AT  MICAOWAVtS  IRAOAAI 

A A I Thomaon  S M Michialaon.  and  V W Howland  Apt 
1165  1 p rah  Appr  bom  Aadtalntn  Aaa . no  24.  Apr  1065 
p 631  635 

btalraalmant  ol  m«a  with  mrcruwawa  altar*  tha  tathal 
ratponw  lo  X radiation  Moan  aurwiwal  him  ol  nuctowawo  iroatod 
anrmalt  g van  tonuing  radiation  is  long*  than  that  tor  animat* 
not  tutyactad  lo  mrcrowawo*  Attarition  ol  ratponw  to  tone* mg 
iMdialwn  miury  by  mtcrowawa  troatmont  hat  row  toon  obtarwod 
m thro*  tpaciat  ol  aaponmantM  animal*  dogt.  >att  and  mica 
Mtcrowawa  aapoauta  iwhota  body)  wat  ol  llwaa  types  (2000  MHt. 
putead  wava.  lOOmW/tq  cm)  HI  tmgla  aapoauta  ol  10  mmulat 
radiation.  (2)  daily  aapoturat  ol  10  mm  lot  a total  of  14  day*, 
and  (3)  contmuad  aapoauta  unM  approatmawly  30%  ol  tto 
animat*  bamg  aapoaad  drad  Total  X-iriadtalM>n  (260  kVI 
admimstatod  wat  700.  100  ol  100  A 
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MtCAOtWAVt  AAOIATION  AND  IT*  KPP1CT  ON  AtAKNMK 
TO  X-AAOIATtON 

A A C Thornton.  S M Mtchtalton.  and  J W Howland  Mat 
IN7  t p taft  Aapt  bom  Aatotpaca  Mad.  no  30.  Mat 
IM7  p 252  216 

Oog*  wata  aapoaad  to  timgManaoua  mtctowawo 
(2100  Mcydat/wc.  100  mW/aq  cm)  rand  X-ray  (260  KVA. 
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'Ot  ' A 4 • A/mml  lIpNuit  or  to  the  yam*  X ley  eapotote 
tint  tiordht  alter  • MO  «t  tO  houre  ol  ntulhpM  imcnnwatf 
eapoe  iti  Mortality  we»  graatei  m enrmaX  nmwl  with 
mcimm  and  wet  nM  marked  IWIawinf  atmultenpeue 
nuciutnave  and  X medial  wo  Oeathe  were  liemogontic  in  nature 
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»MW»M  dumw  rmmadH  let?  etrei  X rnitimi  HwiiduM 
erythrocyte  eedrmomotron  tew  letrcutncyte  rectal  wiyuMwi 
todn  BadW  tid  dd  W4niB()tiOH  ctdnfvt  M ptfiMltd 
Miwwn  neetment  can  modify  the  leaponta  to  X mediation 
and  it*  elNci  w*M>i  nMM  to  the  total  wmonaia  arpoama 
dotation  ot  mo.'ootaaa  eapoeute  (octal  temperature  tetpenae 
time  interval  oatoia  X mediation  total  X mediation  and  X toy 
doee  >ato  Modification  ot  ioni«mg  ladiation  mpiry  at  the 
hemitoponlic  io«at  ia  mdicetod 

MDWXtMtlCW  CNANMR  IN  IXRdRNMNTAl 
ANHRA19  UN  MX  TNI  NWIIMNOI  09  NAMB  AND 
CONTNMMV*  MAM  MW  UNO  AAOtATtON 

M t Totyaaava  t V Ootdon.  and  To  A tabanoei  I MO 
t X Xop>  horn  Ti  0*  Ti  feat  AMN  MSX  lUUXl  no  1 
I MO  ptOM 

TOMMM 

CltANOI  M TNI  MtMKMICMTOAT  9UNCTWN  09  TNI 
IW90TNAMM00I  ANO  TNI  MWRO-9ITUITAIIT  100V 
0UAIN9  CNXONte  INOAOIATlOXI  9NTN  CMTNMTIR 
«WNI  09  lOW  INTtNWTV 

M S ToaUft  and  2 V Qntdon  IBM  t p dtaaontod  m The 
tiotopcAi  ttteet  ot  XadK'  Fieouency  fretda  Wwti  ol  the  lab 
ot  ftarho  Frequency  llectromegnehc  tiatda  Inat  ol  Wort  Hypo  no 
and  Occupational  Oiaoaaoa.  AMN  SSSX  Moacow  p •?  It 

ITBBW 

CHANOI  Ml  TNI  XIOOO  09  ANHAltS  RURJ9CT9D  TO 
A RN0UH0  9MIO 

N V Tyagm  1957  t p Aept  horn  Voyat.no  Math  Aked 
Xitou  llenmgredl  » 13  INI  p tit  lit 

IMBItt 

(LlCTItOCAXOtOOXAM  CNANOII  IN  OOOX  AFFICTtO 

•v  ohouh*  iuctoomaomtic  a mot 

N V Tyaom  i9S7  ’ p Hepi  fmm  Voyanno  Mud  A kid 
Xwov  iUSSXi.  « 71  INI  p t4  tOt 

tlNIU 

I99ICT  09  MMM  9R9QU9NCT lUCTROflAAOMTIC  91(10 
UPON  MAIMOOOKTIC  ITVM  CIUI  IN  NMCt 

0 X A Vecek  197C  t p ttapi  from  Fohe  Orohugice  t9iegual 
» 10  1072  p 191  197 

79-M194  Naval  Medical  Xaaaaich  Inal  Rethetde  Md 
(XANH NATION  09  TMC  COMMA.  FOLLOW!  NO  (X909UKI 
TO  MtCAOWAVt  AAOtATtON 

X J Witkama  and  I 0 finch  Api  1974  t p Kepi  Item 
Aotoapece  Mad  , v 45  Apt  1974  p 313  3M 

Ttua  atudy  warn  devgnad  to  detect  itteiaiioni  m (ha  coinaai 

01  iaOtM(n  '.auaad  by  mulnpta  npoum  to  edtnii  1410  MHt 
contmuo  ik  wave  o«  2990  MHt  putted  tadiation  at  an  average 
power  held  denvty  ot  229  mX/w  cm  Mamatoiylin  and  aoam 
Hamad  aachona  o*  comeet  ware  examined  In  tome  cawt  (ha 
pattern  ol  Iniiarad  thymidine  uptake  into  coineel  caMt  wet 
evaluated  by  autoradiography  Radiation  did  nor  appear  lo 
influence  the  normal  comae  o<  the  healing  procata  m the  wounded 
cornea 

79- 00199 

ON  TH*  QUC9T10N  09  CONOITtOMO  CAXOIAC 
MFLIXI5.  TNC  FUNCTIONAL  ANO  MON9HOIOOICAI 
(TATI  09  CORTICAL  MUX  ON#  UNMR  TH*  I99CCT  09 
(U9(RNI«N  FRCOUtNCV  CUCTAOMAOMT1C  F If  U>0 
M l Yakovleva  T 9 Shtyetai.  and  I 9 Tavelkove  1999  t p 
Xap>  horn  2h  Vyathai  Norvoi  Dayaralnoali  (USSXI  no  <9.  1999 
p 973  979 
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OAMMMA  ARMNORUTTRIC  ACM  XNTAROU9M  HI  RAT* 

■All  AiANMA  AApAAdflapaAkaA 

MtCMvlVAfl  VIPOVIIwl 

0 H Taman  X t Chaput.  2 X (Hater  and  L C Oetthman 
1974  t p Xapt  horn  J Mactowave  9owet  r Ini  3/4. 
1973  p >13  >19 

the  metebokwn  ol  rha  mhrbnory  naurotranamittar 
emmobwtytic  acid  tGAOAl  wet  atvdiad  m talk  chronrciXy  aapoaad 
to  > M ONt  imciouravoa  at  an  merdant  pout  Neal  ol  10  mW/ifl 
cm  or  acutely  aapoaad  la  modem  poatat  Hvata  ol  40  or 
M mW/H  cm  No  thongat  occurred  m whole  Oram  SARA  lev  eta 
or  m the  activity  at  the  enryme  winch  aynthoarraa  OARA.  L 
glutamate  daceibonyteae.  lotto  wing  thava  aapooyraa  Xaautta 
mdicata  that  bram  OARA  matatooham  area  not  altactad  by  tnpooura 
to  microuiava  rodiahon 
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two  imwi  o*  iwiwm  ahho mi  ihtaaoqum 

00  WVMAOI 

• t Mm  1074  1 p ftapr  ham  Ufttaaenm  (England), 

* ii.  » im  i» 

Aipatiad  >n»«m»|ini  KOu  tacufting  tram  die  aapaoun 

of  UBflO  Ib  Ia 

™ »0  OO 

man  ii a os  no  oMOnc*  a*  pwmwwno  wokisbcw  cmiifn, 

mcfuAwg  Mwn  Mw  w • itwk  of  normal  mduatnal  oapoauro* 
M put*  ufttOMund.  afthough  »oma  affect*  may  bc«k  n a '•tuft 

a|  aMBWABBaftal  Ij^^WtilaWA  fta^B  bB  *-  -t- 

n ™ im  oi  ni^pi 

liMWM  tuMUt  aaund  which  tnomiHni  many  mduattral 
P'KWMt  MMtuMMr  thaaa  producing  cavitation  may  mum 
UftHftW  lOfttM  atNctt  mdudmg  h»*d*eh#»  n*u**t 
wmrtua.  and  pawbty  Ntigua  m pateon*  without  hearing  low  ft 
thuie  frequence* 

tomioo 

ULTftAOOFHC  TBCWNtOUtB  IM  MOUNT  AMO  MODICUM 
fwft  fcoti.  ad  and  D Darden  W (Ml  1 p 
ILC  OO  J0»l 

nmm 

ULTftAOOFHC  ASMMTKM  AMO  MPUCnOft  IV  IUM 

noon* 

V Dunn  and  W J f-y  1MI  t p Mp  horn  Phye  mod 
Owl  (England).  » I.  <M1  p 401 

Th*  tcouthc  rqftachun  and  abeorpnon  coafhcwnt*  of  both 
normal I and  dwaaaad  (Pnaurtionm*)  atciaad  lung  tmaurj  (dog)  ware 
mpanmantafty  datarmuiad  at  a traquarcy  ol  ON  Me /ate  It 
waa  found  that  tha  pfiyataftigtcat  aalma  tunp  interface  raflacta 
•CM  of  tha  uound  energy  fading  on  it  at  normal  mcrdenc*  Th# 
acouatie  ampiituda  abeorpnon  eoaffccrant  po*  unit  path  length  of 
lung  tntua  n 4 7/cm  Tha  vary  high  awrorphon  adubitad  can 
ba  aaptamod  n cauaad  by  tadtatton  of  acouahc  anatgy  by  tha 
PuHahng  gaaaout  atructura*  m th*  lung  ti**w*  Tha  thaoty  mtfceataa 
that  tha  abaotpiion  coafhciant  of  lung  ttaaua  ahouhl  approach  a 
minimum  n t*>a  frequency  i*  mctaaaad  ab ova  1 Me/aae  and 
altould  than  mcraaaa  at  Mr*  highat  haquanciat  Tha  dmaaaad 
lung  aafubitad  an  acoutnc  absorption  coefficient  ippoaimatatv 
Jlh  taw  than  that  of  normal  lung  tpacimam 

tb-ooioo 

ULTAAaONIC  THRESHOLD  OOBAOEB  POO  TWO 
MAMMALIAN  COMTAAL  NCftVOOt  OVOTIM 

F Ou>ui  and  F J Fry  Jot  1971  Ip  ftapr  bom  ItEI  Unit 
Itac  Etactron  Enq  I.  Ttana  iioMnd  Eng.  » It.  Jul  1171 
P >U  IU 

mow 

ULTRA  KHINO  AMALVOIO  AND  EXPERIMENTAL 

METMOOO  IN  M9L00ICAL  Of  MARCH 

W J Fry  and  F Ounn  INI  1 p Rapt  fmm  Phy*  Tech  in 
M Fat.v  4 p 241  304 

70-01101 

TNI  POBOiftIUTV  OP  H At  A HO  IN  MEDICAL  AND 
IWOUtrTfttAL  APPLICATIONS  OP  ULTRA OOU NO 
C ft  Mdl  1010  1 p Rapt  from  Out  J ftedtol  (England). 

» 41.  1000  p 001  000 


noun 

MOLOOtCAL  IFFECTO  OP  ULTRA OOUNO 

C ft  Htd  1022  I p ftapr  from  Uftranemca  m CHfucal  Oiagnotia. 
eh  o.  1072  p 100  170 

70-00104 

OAPOYV  OP  ULTRA  OOU  NO  IN  OtAQNOOfO 


C ft  Ml  1074  1 p Ft  at  ant  ad  at  Taatcfty  Meeting  ftaohaatai. 
1074 

70-00100 

ACTION  OP  NiTftAOOUMft  ON  tOOLAtOO  OOLLO  AMO  00U. 

OWLTIMOO 

C ft  MtO  110741  1 p 

70-00100  ftochaatat  limy  . N T Oapt  of  Electrical 

FMOUINCV  OOPONtPONQO  OP  TMOOOHOLM  PM 
ULtftABOfWC  PftOOUCTIOft  OP  TH0AMAL  ilMNO  M 
TV0MM 

ft  M Lamar  I L Carttatwn.  and  F Ounn  1072  1 p ftapr 
ham  J Acouat  Ooc  Am , v S3  na  2.  1073  p 004-000 
Tha  ultraaonic  intana-ay  thraa^tatd  far  ptcdioitE  laatana  itt 
mam  mat  an  brain  ttaaua  ta  not  a atrang  function  of  ftaguancy 
(evar  tha  range  of  1 10  MHtt  lor  aapoourot  longer  than  1 a A 
modal  ta  ptaaornad  ha  eaptam  thra  apparant  tech  d haauanay 
dapandanca  ft  ta  aaaumad  that  tha  maximum  tampa«atura 
datialopad  m tha  laaton  yahtma  lot  a gnran  putaa  duration  ta 

wiMiwiw  oy  on  (mofiMiofi  vOfiTiciioi  or  now  mmm  twi  on 

dntnoution  of  tha  aoouatic  mtanaity  ova*  tha  ttaatad  yhhima 
taharpnaaa  of  the  beam)  Tha  format  « pbaanrod  aaportmantafty 
to  be  noatfy  hnoorty  dapandant  upon  frequency  m the  range 
1 - 10  MNr  end  the  latter,  for  a goad  tana,  n rotated  mvartaty  ta 
fraquancy  Temperature  cetculadona  era  praaantad  which  account 
lor  haat  toaa  (by  dtffijion).  tha  fraquancy  dapandanca  Mr  tha 
beam  geometry  and  the  nbaorption  coefficient  Theee  lead  to 
noatfy  fraquancy  mdapandtmt  curve#  lot  thraahold  doaagaa  beyond 
I t eapoaura.  tuggeatmg  that  thermal  pracoaaaa  may  bo 
pradomtnonl  for  luch  ovpoauroa 

70-00107  National  Oureau  of  Standaidt.  OouWar.  Colo 

•to UoTItAWtv" OP  DtAftWOftTIC  AND  mOAAPOUTIC 
APPUCATIOMO  OP  ULTAAOOUNO 

Hobart  F Metrher,  comp  Sap  1|72  1 p 
(NOS  10-750  Pt  2) 

Ttua  btbliographv  on  tha  diagnoatic  and  therapeutic 
application*  of  uitreaound  » one  of  a tenet  on  ultrasound  It 
wet  prepared  a*  a report  of  tha  information  collactad  to  data 
and  on  We  at  the  Electromagnetic*  Drviuon  of  tha  National 
Oureau  of  Standard*  Uhraaound  rater*  to  uftratomc  energy  and 
phenomena  with  critical  fraquancy  component*  m the  rang*  of 
0 S to  SO  MM*  Th*  document*  cited  ware  collected  lor  review 
during  a ttudy  of  th*  need  for  a ayttam  of  national  reference 
standard*  for  ultrasound 

74  001 44 

ACOUOTtC  0 THE  ANN  NO 

W L Nyborg  108S  1 p ftapr  trqm  Phy*  Acouahc*.  1 23 
p 2SS-331 

70-00100  Bureau  of  ftadiolqgicol  ffaalth.  NockviH*.  Md 
INTEItACTlON  OP  ULTAAOOUNO  ANO  OIOLOOICAL 
T100U0O:  WOftftOMOP  ftMOCKtOUMft 

J M Raid,  ad  and  M ft  S*ov.  ad  Sap  T»72  r p Proc 
HaM  at  Saant*.  0- 1 1 Nov  107 1 Spomorad  by  Battalia  Memorial 
•net  NSF.  FDA.  PH&.  and  HEW 
(OHIW/FAA  73-0000.  0RH/D0E-7S-1) 

Uliratound  generating  devrea*  have  baeom*  mcr***mgfy 
Prevalent  and  divare#  m racam  yaart  Thau  uaa  ta  aapactad  to 
centmua  to  grow.  partieuMNy  m dwgnoalic  and  iharapautic 
appheattons  Although  thora  hat  baon  an  awaien***  of  tho  rang* 
of  biological  affect*  that  can  retult  from  aapoaur*  to  uftraeound. 
that*  i*  a paucity  of  information  that  can  ba  uted  to  aaaoaa  tho 
nafc  of  man  * avpoaur*  to  tfu*  form  of  energy.  Ttu*  wortohop 
wa*  held  to  provide  an  mdwatron  of  th*  praaant  data  of  knowtadgo 


sn  the  atea  of  ultrasound  bioetfects  and  to  define  areas  in  which 
further  work  needs  to  be  done 

76  00170  Guys  Hospital  Medical  School  London  (England) 

A STUDY  OF  TNI  PRODUCTION  OF  HEMORRHAGIC 
INJURY  AND  PARAPLEGIA  IN  RAT  SPINAL  CORD  tY 
PULSEO  ULTRASOUND  OF  LOIN  MEGAHERTZ 
FREQUENCIES  IN  THE  CONTEXT  OF  1 HE  SAFETY  FOR 
CLINICAL  USAGE 

K J W Taylor  and  J B Pond  1972  Ip  Repr  from  Bnt  J 
Radiol  (England)  v 45.  no  533.  1972  p 343  353 

The  spinal  cords  of  adult  rats  were  irradiated  with  ultrasound 
using  peak  intensities  of  25  or  50  V/sq  cm  at  frequencies  of 
0 5 to  6 MH/  Lehvery  of  energy  was  pulsed  to  avoid  thermal 
effects  In  most  expenments  10  msec  pulses  were  separated 
bv  intervals  o(  100  msec  Such  treatment  *esu)tprf  :n  paiaplegia 
and  or  gross  hemorrhage  into  the  cord  The  appearance  of 
hemorrhage  was  a more  consistent  occurrence  and  was  used  to 
compare  the  effects  of  ultrasound  of  varying  parameters  Damaging 
ability  was  maximal  at  the  lowest  frequency  employed  (0  5 MHz): 
it  decreased  with  increasing  frequency  to  5 MHz.  at  which 
frequency  neither  paraplegia  nor  hemorrhage  could  be 
produced  The  same  method  was  used  to  investigate  the  effects 
of  hypoxia  when  it  was  found  that  an  arterial  partial  pressure 
of  02  of  50  mm  rendered  the  tissue  more  vulnerable  to  ultrasonic 
damage  by  a factor  of  40%  The  effects  of  changing  the  duty 
cycle  were  similarly  investigated  Hemorrhage  occurred  whenever 
an  accumulated  dose  time  was  received  which  time  was 
characteristic  of  each  frequency  and  independent  of  the  changed 
time  averaged  intensity  resulting  from  the  changed  duty  cycle 

76*00171 

PHYSICAL  PRINCIPLES  OF  ULTRASONIC  DIAGNOSIS 

P NT  Wells  1969  1 p 

76  00172 

ULTRASONICS  IN  CLINICAL  DIAGNOSIS 

P N T Wells,  ed  1972  1 p 


f. 

I 

I 


A CRITERION  FOR  TMC  PREDICTION  OF  AUDITORY  AND 
SURJECTIVE  IFHCTt  OUI  TO  AIM  -BORNS  NOISE  PROM 
ULTRASONIC  SOURCES 

W I Action  IBM  1 p Repr  Iron.  Ann  Occur  Hyg  (England), 
v 11.  no.  3 p 227-234 


71-00174  Copenhagen  Untv  (Denmark! 

DIAGNOSTIC  ULTRA  SOU  WO  UMD  At  AN  ALTERNATIVE 

FO  il  A- RAT  (KAMI  WA  T10W  IN  PREGNANCY. 

EXPERIMENTAL  WORK  ABOUT  POSSIBLE  Tf  RAT03I NIC 

EFFECTS  OF  OlAONOtTIC  ULTRASOUND 

Jens  Seng  197*  1 p In  DANISH  Presented  at  3d  Nordic 

Radiation  Protection  Coni . Copenhagen.  Denmark.  IS  Aug 

1971 

(Conf  710S47I 

Dunng  the  last  10  to  12  yrs.  application  of  ultrasonics  for 
diagnostic  purposes  m medicine  has  increased  especially  in 
obstetrics  In  order  to  obtain  qualitative  and  quantitative  evaluation 
it  was  found  reasonable  to  investigate  the  teratogenic  effects,  if 
any.  of  ultrasound  with  frequences  equalling  those  applied  foi 
diagnostic  purposes  in  comprehensive  animal  experiments  An 
investigation  including  a little  more  then  6S00  fetuses  of  mice 
exposed  to  ultrasound  of  high  effect  was  carried  out  Both 
continuous  and  pulsed  2 25  MHi  ultrasound  were  used  in  the 
experiment 


CHROMOSOME  BREAKAGE  AND  ULTRASOUND 

E Boyd.  U Abdulla.  I Donald  J E E Flemming.  A J Halt, 
and  M A Ferguson  Smith  1971  1 p Repr  from  Brit  Med 

J (England),  v 2.  1971  p 501  502 


79-001 7S 

BIOLOGICAL  ACTION  OF  ULTRASOUND  IN  RELATION  TO 
THE  CELL  CYCLE 

P R Clarke  and  C R Hill  1969  1 p Repr  from  Exp  Cell 

Res  v 58  p 443  444 

78-00177 

PHYSICAL  ANO  CHEMICAL  ASPECTS  OF  ULTRASONIC 
DISRUPTION  OF  CELLS 

P R Clarke  and  C R Hill  1970  1 p Repr  from  J Acoust 
Soc  Atner . y 47  p 349-653 

76-00178 

SYNERGISM  BETWEEN  ULTRASOUND  AND  X-RAYS  IN 
TUMOUR  THERAPY 

P R Clarke.  C R Hill,  and  K Adams  1970  1 p Repr  from 

Brit,  J Radiol.  (England),  v 43  p 97-99 

78-00179  University  Coll . Cardiff  (Wales) 

QUANTITATIVE  RELATIONSHIPS  BETWEEN  ULTRASONIC 
CAVITATION  ANO  EFFECTS  UPON  AMOEBAE  AT  1 MHt 

W f Coakley.  0 Hampton,  and  F.  Ounn  (Illinois  Unhr , Urbanal 
Dec  1971  Ip  Repr  from  J Acoust  Soc  Amer . v.  50. 
pt  2.  Dec  1971  p 1540-1853  Sponsored  by  Med  Res 
Council 


7S-00180 

CHROMOSOME  ABERRATIONS  AFTER  EXPOSURE  TO 
ULTRASOUND 

W T.  Coakley.  0 E.  Hughes.  J 5 Slade,  and  K M Laurence 
1971  1 p Repr.  from  Brit  Med  J (England),  1971 

p 1109-1110 


7B-SB1SI 

ULTRAHtGH  FREQUENCY  ACOUSTIC  WAVES  IN  LIQUIDS 
ANO  THEN  INTERACTION  WITH  BIOLOGICAL 
STRUCTURED 

F.  Dunn  and  1 A Hawley  1MB  1 p 

78  mu 

ULTRASONIC  VISUALIZATION  OF  LIFT  VENTRICULAR 
DYNAMICS 

R Eggtaton.  C Townsend.  J Herrick.  G Templeton,  and  J.  Mitchell 
Jul  1970  1 p Repr  from  IEEE  (Inst.  Elec.  Electron  Eng  ). 

Trans.  Sonrct  Ultrasonics,  v SU-17.  no  3.  Jul.  1S70 
p 143-153 

An  ultrasonic  system  for  visualiting  the  dynamics  of  the  left 
ventricle  was  developed  that  unities  a catheter-borne  array  of 
four  transducers  speetd  90  degrees  apart  in  a plane  normal  to 
the  axis  of  the  catheter.  The  transducer  (transceivers)  srt  pulse 
sequentially  at  the  rate  ol  1000 /second  and  the  data  art  collected 
over  a period  of  about  8 seconds  The  caidiac  cycle  is  arbitrarily 
divided  into  24  equal  increments  or  frames  depicting  the  contour 
of  the  left  ventricle  at  venous  stages  during  the  cardiac  cycle 
The  display  phase  commences  upon  completion  of  tlte  data 
acquisition  Compensation  for  the  motion  of  the  catheter  within 
the  heart  and  determination  of  tha  angular  orientation  of  tha 
cathater  tip  were  major  problems  that  had  to  be  dealt  with  in 
the  development  of  this  instrumentation  The  tact  that  data  era 
not  acquired  in  tha  same  order  in  which  they  can  ba  displayed 
necessitates  tbs  use  of  the  computer  for  sorting  and  storage  of 
echo-ranging  date  The  resulting  views  of  the  inner  welt  of  the 
left  ventricle  are  proving  to  be  useful  information,  which  should 
lead  to  a boner  understanding  of  the  dynamic  events  ol  the 
cardiac  cycle 

78-00TS3 

ULTRASOUND:  PHYSICAL.  CHEMICAL  AND  BIOLOGICAL 
EFFECTS 

I E ElPinei  1964  Ip 

7S001B4 

EFFECT  OF  ULTRASOUND  ON  ARTERIES 

John  T Fallon  (Veterans  Administration  Hospital.  Albany.  NY). 
William  E Stehbens  (Veterans  Administration  Hospital  Albany. 
N Y I.  anil  Reginald  C Egglaton  1972  1 p Repr  from  Arch 

Pathol . v 94.  no  5.  1972  p 380-388 

A technique  lor  tha  production  o f ultrasonic  lesions  in  arterial 
tissue  was  developad  and  iha  lesion,.  so  produced  were 
investigated  morphologically  Focusad  ultrasound  (IMHi)  at 
intensities  of  25.  100.  and  1500  W/sq  cm  was  applied  to  the 
central  arteries  ol  rabbits'  ears  The  maximum  duration  of 
exposure  to  these  intensities  was  720.  40.  15.  and  0.1  sac. 
respectively  The  rise  in  temperature  associated  with  the  dosages 
was  determined  with  an  implantad  thermocouple  The  tissues 
were  examined  at  1 . 30,  and  72  hr  after  aonication.  Focal  lesions 
were  found  in  the  exposed  arterial  wall  at  intensity  levels  and 
pulse  durations  corresponding  to  threshold  values  of  mammalian 
nervous  tissue.  The  lesions  in  the  arterial  wall  consisted  of 
vacuolstion.  degeneration,  and  necrosis  of  smooth  muscle  cells 
in  the  media,  loss  of  endothelium,  and  infiltration  of  the  media 
with  inflammatory  cells 

7S-001SS 

ULTRASONIC  VISUALIZATION  OF  ULTRA  SO  NIC  ALLY 
FROOUCSO  LESIONS  IN  SRAIN 

F.  J Fry  1970  1 p Repr  from  Confin  Neurol.  (Swiuedand). 
v.  32.  1970  p 38-62 

Three  anatomically  discrete  ultresonically  produced  brain 
lesions  m tha  rhesus  monkey  was  visualiied  ultrasomcally  in  the 
immediate  post-lesion  period,  as  wall  as  three  weeks  later.  After 
sacrifice  at  three  weeks,  the  histologically  prepared  brain  sections 


1 


•■21 


in  the  leeron  irta  were  compared  with  the  chogram  information 
to  verify  lesion  ptacamant  and  in  Th*  correlation  data  indicata 
that  ultraton u.  visualization  maant  can  ba  uaad  to  aid  in  tha 
accurata  ptacamant  of  brain  laiiont  Additionally,  tha  lanont  can 
hopefully  ba  controHad  in  size  and  thapa  by  thit  maant 
Subaa quant  anamination  of  tha  lanont  over  a long  period  of 
time  alto  appaara  to  ba  potaibla  with  ultratonic  visualization 
techniques 

is-ssist 

ULTRASOUND  POD  VISUALIZATION  A NO  MODIFICATION 
t*  SPAIN  TISSIM 

F J Fry.  A F Hetmburger,  L V Gibbon*,  and  ft  C EggHton 
Jut  1970  1 p ftapr  from  IEEE  (Inti  Elec  Electron  Eng  I. 

Trent  Some*  Ultrasonic*  v SU  17.  no  3.  Jul  1970 
p 169  199 

Technique*  for  tha  detailed,  in  vivo  vituelitetion  and 
modification  of  internal  brain  ttructurei  via  ultratonic  mean* 
ware  developed  and  studied  m animal*  and  man  Th* 
instrumentation  used  in  that*  studiat  included  high  gain 
large -aperture  ceramic  transducer*  positioned  in  space  by  a 
specially  adapted  Gncmnati  turret  drill  Th*  system  provide*  for 
th*  ut*  of  either  simple,  compound,  or  omnidirectional  scanning 
modes  Whan  th*  brain  is  viewed  through  an  acoustically 
transparent  window,  essentially  all  soft-tissue  fluid  filled  space 
interface t can  be  visualised,  and  in  tom*  instances  gray-white 
matter  interface*  can  be  teen  clearly  Brum  lesion*  produced  by 
high  intensity  focused  ultrasound  are  tissue  specific  and  can  be 
spaced  in  vivo  to  conform  with  th*  complen  geometry  of  a 
given  brain  structure  These  ultrasonic  lesions  as  well  as  those 
produced  by  mechanical  or  electrolytic  methods,  can  be  visualized 
ultrasonically  immediately  after  their  placement 

79-99197 

TMM9MOLO  ULTRASONIC  DO9A0E9  TON  STRUCTURAL 
CHANGES  IN  THB  MAMMALIAN  9NAIN 

F J Fry.  G Kossoff.  .1  Eggleton.  and  F Dunn  Dec  1970 
1 p Repr  from  J Ac  oust  Soc  Amer . v 48.  no  6.  Dec  1970 
p 1413  1417 

The  relationship  between  the  acoustic  intensity  and  the  time 
duration  of  enposura.  for  a tingle  puls*,  necessary  to  produce  a 
threshold  lesion  in  the  cat  brain  was  studied  Focused  ultrasound 
of  1.  3.  and  4 MHz  was  employed  with  intensities  ranging  from 
100  to  20.000  W /tq  cm  with  th*  corresponding  pulse  duration 
horn  7 to  00002  tec.  respectively  Three  types  of  lesions  were 
observed  attending  three  regions  At  the  lower  intensities  and 
long  time  duration*  of  exposure.  the  lesion  it  produced  by  a 
thermal  mechanism  At  th*  highest  intensities  and  shortest  time 
Chuation*  cavitation  i*  believed  to  be  the  mechanism  which  is 
responsible  for  th*  sometimes  randomly  appearing  lesions  At 
mtarmediat*  dosages  th*  lesions  are  formed  by  a mechanical 
mechanism  which  it  thus  far  not  well  understood  That*  results 
eshibit  good  agreement  with  that  of  other  investigators  on  both 
th*  cat  and  rat  brain 


79-99199 

(CHOCAROIOGNARHY  OF  THE  AORTIC  ROOT 

Raymond  Gramiak  and  Pravm  M Shah  Oct  1968  1 p Repr 
from  Invest  Radiol,  v 3.  no  9.  Sap  Oct  1968  p 396 

The  echo  pattern  of  th*  aortic  root  is  eliciud  by  locating 
the  typical  echo  of  th*  mural  valve  and  then  angulating  th# 
transducer  medially  and  cephelically  Th*  charactensnc  echo 
pattern  of  th*  aortic  root  consists  of  paired  undulating  signals 
three  to  five  cm  apart  Theta  signals  move  anteriorly  during 
systole  and  posteriorly  during  diastole  Their  position  it  centre! 
in  relation  to  echoes  anting  from  the  mitral  and  tricuspid  valve; 
corresponding  to  th*  anatomic  position  of  th*  aortic  root  Th* 
movement  pattern  it  identical  to  th*  mitral  annulus,  which  also 
represents  a portion  of  th*  fibrous  skeleton  of  th*  heort  Lesser 
echoes  originating  between  the  undulating  margin*  of  th*  aortic 
root  were  identified  at  anting  from  tha  valve  cusps  by 
correlating  their  motion  with  th*  production  of  th*  cardiac  sounds 
Further  support  was  gained  by  recording  abnormally  intent*  and 
distorted  signals  in  patients  with  calcific  aortic  stenosis  Anatomic 
validation  of  the  aortic  origin  of  these  echoes  was  obtained  by 


means  of  ultrasonic  contrast  infections  made  dunng  radiofogtc 
studies  of  the  aortic  root  Saline  wet  infected  in  th*  tupravahrulcr 
position  during  continuous  tchocardtographic  recording  and  was 
detected  as  a cloud  of  echoes  limited  by  th*  parallel  signals  of 
the  aortic  root  Systolic  movement  of  th*  aortic  cusps  was 
accompanied  by  the  delivery  of  noncontrast  blood  from  th*  left 
ventricle  which  produced  detects  in  the  contrast  image  paralleling 
th*  escursion  of  th*  linear  signals  from  th*  cusps 

7999199  He. tonal  inet  of  Mental  Health.  Bethead*.  Md 

ULTRA 90U NO  IN  D4A9NOST1C  EMMONS  A REPORT 
FROM  THE  RADIATION  9TUOV  RECTtON  OR  THE 
NATIONAL  INSTITUTES  OR  HEALTH 

E C Gregg.  F L Thurston*,  end  E R Epp  Dec  1973  1 p 

Repr  from  Eng  Radiol  , v 109.  Dec  1973  p 737  742 

7909190 

ACOUSTIC  INTENSITY  MEASUREMENTS  ON  ULTRASONIC 
OIAONOST1C  DEVICES 

C R Hill  1971  Ip  Repr  from  Ultrasonographic  Medics 
(Vienna),  v 2 p 21-27 

79-90191 

CELL  DISRUPTION  SV  ULTRASOUND 

D E Hughes  and  W.  L Nyborg  1962  1 p Repr  from  Science, 
v 136  p 106  114 

7900162 

EFFECTS  OF  AIRBORNE  ULTRASOUND  ON  MAN 

J J Knight  1966  1 p Repr  tram  Ultrasonic*  (England),  v 6 
p 39  41 

7900199 

CONDITION  OF  SOMH  ENZYME  SYSTEMS  OF  HEART  A NO 
DRAIN  ENERGY  MET ABOU6M  ICY  RASSITS  UNDER  THE 
EFFECT  OF  ULTRASOUND 

E P Kutuiova  1972  1 p Repr  from  Vop.  Kurortol . Finoter 
Lech  Fit  Knit  (USSR),  v 36.  no  5.  1971  p 428-431 

In  th*  early  period  of  development  of  experimental 
atherosclerosis  in  rabbit  heart  and  brain  tissue  (after  40  days), 
activity  of  th*  enzymes  of  glycolysis  and  th*  pantos*  and 
tricarboxylic  acid  cycles  decreased,  indicating  an  inhibition  of 
energy  metabolism.  A senes  of  ultrasonic  treatments  at  an  intensity 
of  0 6 and  1 W/sq  cm  had  no  appreciable  effect  on  these 
•myrties  in  tissues  of  normal  animals  Ultrasound  at  an  intensity 
of  06  W/sq  cm  applied  :o  animals  with  expenmenial 
atherosclerosis  increased  tho  activity  of  succinate  dehydrogenase 
in  heart  tissue  and  aldolase  in  brain  tissue,  indicating  a 
stimulatory  effect  of  this  dose  on  metabolism  A dose  of 
1 W/sq  cm  was  less  effective  in  influencing  the  enzyme  systems 
of  cartohydrate  metabolism  in  these  animals 

76  90164 

SELECTIVE  HEATING  EFFECTS  OF  ULTRASOUND  IN 
HUMAN  SEINOS 

J F Lehmann.  B J DeLateur.  and  D R Silverman  1966 
1 p Repr  from  Arch  Phys.  Mad  Rehabrl . v 47  p 331-339 


7966196 

RATE  OF  PULSE  WAVE  PROFANATION  IN  ULTRASONIC 
THEATMEKT  OF  PATIENTS  WITH  OSFORMIHS 
ARTHROSIS  WITH  CONCOMITANT  DISEASES  OF  THE 
CARDIOVASCULAR  SYSTEM 

N V Mikhailova  1972  1 p Repr  from  Vop  Kurortol . Fiiioter 
Lech  Fii  Kult.  (USSR),  v 36.  no  6.  1971  p 420-429 

Patient*  (110)  were  treated  with  continuous  or  intermittent 
ultrasonic  waves  of  an  intensity  of  .2-9  W/sq  cm  end 
phonophoresis  with  hydrocortisone  Considerable  improvement 
resulted  in  18  2%  of  cases,  improvement  in  75  4%  and  no  change 
in  6 4%  Puls*  curves  in  th*  carotid  and  femoral  arteries  were 
measured  to  determine  changes  in  rat*  of  pulsa  wav*  propagation, 
reflecting  degree  of  elasticity  of  vessel  walls,  as  a result  of 
treatment  Rates  are  generally  found  to  be  elevated  in 


b:j 


artenoacleroei*  end  hypertensive  *nm  A decrease  m fat* 
occurred  m *M  cate*  It  wit  especially  mailed  in  otdar  patient* 
(60  74  ft  eld)  gn*n  continuous  ultrnonc  treatment.  where  the 
rat*  dropped  from  10  10-967  m/»ac  That*  figure*  indicated 
the  beneficial  affect  of  ultratonic  treatment  on  cafdmvatcuiet 
diaeaae 

78- 0H1S6 

ULTRASONICS  IN  MEDICINE  REVIEW 
J A Newell  1963  1 p Bepr  from  Phys  Mad  Biol  (f  nglandl 
v • no  3 1963  p 241 

the  physical  aspects  of  ultrasound  are  briefly  dneuned.  and 
relevant  formula*  and  constants  used  in  the  generation  and 
propagation  of  sound  energy  in  venous  human  and  animal  tissues 
are  given  Methods  of  measurement  and  some  possible  hazards 
are  mentioned  but  the  mam  emphasis  is  on  diagnostic  and 
surgical  application  of  ultrasound  Treatment  of  Meniere  > and 
Parkinson  s diseases  by  high  intensity  ultrasound  are  discussed 
and  low  intensity  applications  in  biam.  heart  and  ey*  are 
singled  out  for  detailed  description  Although  controlled  application 
of  ultrasound  is  relatively  new.  ell  the  evidence  seems  to  prove 
■ts  great  value  m mederne.  and  the  author  concludes  with 
suggestions  about  its  future  development 

T9- 00197 

ULTRASONICS  in  mcdicinc 

J A Newell  Oar.  196T  1 p Repr  from  Electron  Power 

(Englandl  v 13.  Dec  196T  p 449  451 

The  scientific  and  technological  tools  ot  industry  often  find 
application  in  medicine,  ultrasonics  is  no  exception  It  is  used  at 
tvgh  intensities  for  the  treatment  of  certain  conditions,  and  at 
intermediate  intensities  tor  physiotherapy  treatment  At  low* 
intensities  it  hes  a range  of  uses  all  similar  to  the  industrial 
application  of  nondestructive  testing  all  are  essentially  diagnostic 
applications 

79- 00199  Nagasaki  Umv  (Japan) 

EXPERIMENTAL  STUDY  ON  ULTRASONIC  ATTSNUATION 
•N  TMf  RRAIN 

Hidenobu  Oshibuchi  1972  1 p Repr  from  Acta  Med  Nagasaki 
(Japan),  v 15.  no  1-4.  1971  p 26  46 

An  experimental  study  was  made  in  rabbits  to  determine 
participating  factors  and  the  method  of  participation  m ultrasonic 
attenuation  changas  in  the  brain  Bilateral  ligation  o'  the  tugular 
veins  auto  rebreathmg  of  exhaled  gas.  blockage  ol  carotid 
blood  flaw  and  physiological  sab  solution  miection  upon  puncture 
of  the  posterior  cistern  were  the  methods  used  The  relation  of 
brain  HjO  content  cerebral  blood  flow  and  CSF  (cerebral  spinal 
fluid)  pressure  changes  with  ultrasonic  attenuation  change  was 
studied  Either  decrease  or  CSF  pressure  increase  participated 
with  ultrasonic  attenuation  increased  Either  brain  H20  content 
mcraasa.  cerebral  blood  flow  increase  or  CSF  pressure  decrease 
participated  when  ultrasonic  attenuation  decreased 

76-00196 

EFFECT  OF  HIGH  FREQUENCY  NOISE  ON  MAN 

R Reinhold.  K Rasche  and  W Werner  Jut  1972  1 p Repr 
from  Z Gesamte  Hyg  IWest  Germany),  v 18  .1.1  1972 

p 485  488 

7*100200  Massachusetts  Inst  ot  Tech  . Cambridge 
AN  ANALYSIS  OF  LESION  DEVELOPMENT  IN  THE  BRAIN 
AND  IN  PLASTICS  RV  HIGH -INTENSITY  FOCUSCO 
ULTRASOUND  AT  LOW  MEGAHERTZ 

T C Robinson  and  P P lets  1972  1 p Repr  from  J 

Acoust  Soc  Amar.v  51.  4 pi  2.  1972  p 1333  1351 

Thermal  factors  are  believed  ’o  play  a dominant  role  in  the 
development  of  the  structure!  and  functional  effects  of  irradiation 
of  the  nervous  system  with  focused  uOtiasound  at  low  M Hi 
frequencies  Similar  mechanisms  ara  postulated  to  underline  the 
effect  of  irradiation  in  methacrylate,  frequently  used  as  a test 
malarial  This  study  was  undertaken  to  determine  if  thermal 
mechanisms  alone  can  explain  the  development  of  trackless  focal 
alteration*  (lesions)  and  all  of  than  measurable  characteristics  n 
plastic  a*  wall  as  in  brain  A purely  thermal  model  is  assumed 
and  analytical  prediction  ol  lesion  development  and  lesion  size 


end  shape  lot  varying  values  of  ultrasonic  and  thermal  constants 
and  controHabfe  yanabfe*  ( frequency,  focusing,  dosage,  target 
depth,  etc  ) a attempted  An  empirical  equation  to  daachb*  the 
axial  and  redial  ottraeomc  energy  distribution  at  the  focus  m 
wafer  is  derived  Appropriate  heat  transfer  equation*  are  developed 
tor  temperature  distnbutwns  resulting  from  ultrasonic  irradiation 
The  computed  temperature  profit**  are  plotted  against 
nondimentionebnd  parametara  Temperature*  at  the  lesion 
boundary  were  determined  expenmentally  Lesion  dimensions  reed 
off  tpe  computed  temperature  profile*  at  the  measured  teewn 
boundary  temperature  ere  compared  with  expea  mutual  data. 
Within  the  rang*  ot  ultrasonic  parameters  used  in  this  study, 
the  development  of  leamnt  m the  brain  ere  erptamed  by  thermal 
mechanisms  A cat  brain  was  used 

7S-00M1 

ANNEAL  TORfCITY  STUDIES  WITH  ULTRASOUND  AT 
DIAGNOSTIC  FOWE It  LEVELS 

M G Smyth  1986  t p 

79  902Q> 

CONCISE  PHYSICS  OF  ULTRASOUND  AS  APPLIED  IN 
OPHTHALMOLOGY 

A Sokollu  1 969  1 p Repr  from  Int  Ophthalmol  Ctm . v 9 

1969  p 793  828 

7S-0S20S 

ACOUSTICAL  IMAGING  OF  GIOLOOlCAL  TISSUE 

F L Thurston*  Jul  1970  1 p Repr  from  IEEE  Unit  Elec 

Electron  Eng).  Trans  Somes  Ultrasonics,  v Su  17,  no  3.  Jul 

1970  p 154  157 

In  any  imaging  system  the  subjective  quality  and  in  turn 
the  usefulness  of  the  system  is  dependent  upon  the  information 
detection,  processing,  and  display  procedural  that  ate  employed 
Numerous  techniques  have  been  investigated  over  a period  of 
years  for  the  purpose  of  imaging  bmiogitw  tissue  structures  using 
ultrasound  at  the  investigating  radiant  energy  However,  the 
clinical  and  research  applicability  of  these  techniques  has  not 
become  widespread  because  of  the  limited  diagnostic  usefulness 
of  (he  images  Several  image  factors  that  influence  the  diagnostic 
usefulness  of  ultrasound  images  are  discussed 

7E-0G2G6  Naval  Medical  Research  Inst , Be  the  trie.  Md 
ULTRASOUND  DOSAGE  FOR  EXPERIMENTAL  USE  OK 
HUMAN  BEINGS 

W D Ulrich  Aug  1971  Ip 
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This  Lecture  Series  No. 78  on  the  subject  of  Radiation  Hazards,  is  sponsored  by  the  Aero- 
space Medical  Panel  of  AGARD,  and  is  implemented  by  the  Consultant  and  Exchange 
Programme. 

During  the  last  25  years  there  has  been  a remarkable  development  and  increase  in  the 
number  of  processes  and  devices  that  utilise  or  emit  non-ionizing  radiation  which  includes 
ultra-violet,  visible  light,  infrared,  microwave,  radiofrequency,  ultrasound.  Such  devices  are 
used  in  all  sectors  of  our  society  for  military  and  industrial,  telecommunications,  medical 
and  consumer  applications.  Although  there  is  information  on  biological  effects  and 
potential  hazards  to  man  from  exposure  to  these  energies,  considerable  confusion  and  mis- 
information has  permeated  not  only  the  public  press  but  also  some  scientific  and  technical 
publications.  Much  of  the  confusion  stems  from  misunderstanding  of  the  fundamentals  of 
energy-tissue  interaction,  threshold  phenomena,  personnel  exposure  and  product  emission 
standards,  such  as  those  promulgated  in  the  United  States  and  adopted  by  the  Western 
Countries  and  Japan  in  contrast  to  the  personnel  exposure  criteria  of  Eastern  European 
Countries.  This  series  of  Lectures  by  experts  in  the  field  provides  a scientifically  accurate, 
authoritative  review  and  critical  analysis  of  the  available  information  and  concepts  to  give 
a basis  for  informed  judgements  and  judicious  application  of  these  energies  for  maximal 
benefit  and  minimum  risk  or  hazard  to  man. 


